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PREFACE 

I S’ their Introduction to the original German edition, the authors 
wwte t 

x - The purpose uf the present hook is two- [bid ■ to arouse interest in the 
hist or v of chemistry, and tu give a brief genera I survey of the subject- The 
authors have made use to a great extent of the vivid and moving language of 
pictures. This plait has been t'Arried so far that an interesting excursion into 
the chemical past eun be made through the medium of the illustmi ions 
and their texts alone. This emphasis on illustrations has been mteritioi tally 
exaggerated, since it is a remarkable fact that no other Illustrated history 
of eheniiHtry exists in the German language. The classical works ut limclm 
and Kupp and the chemical histories of K. von Meyer made tiu at tempi to 
enliven ilLeir tux Is by rujiternporary i I lust nil ions. 

The enormous power of pictures, which cannot he exprewted in words, 
should facilitate this introduction to the history nl -lieinititry Et is hoped that 
I iot \ i resea rcl i u ^ »r k ers a tx < I t eo t -he rs will make use r if 1 1 li n I m iok a s s i rea 1 1 i 1 y 
accessible storehouse 1 of pictures/ 

The publishers, on .the introduction of this work to their notice, appreciated 
that- the remarkable collection of pictures provided in the (lemfian edition 
should Ik* made available for English -shaking students and others* Through- 
out they have endeavoured to preserve the spirit of the original work, white 
modernising the text mid securing expert advice on many controversial points 
raised therein. It has. unfortunately, proved impossible to remove from the 
I -cmiau blocks certain inscriptions in that tongue, but iu every ease the 
information provided therein has been translated and placed in its proper 
setting. They wish to tender their thanks ten Fill w ho have lontrihuted to the 
task of preparing this tmnsbtion and mahling the English -shaking jtropjru 
to enjoy this remarkable production. 
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THE CHEMISTRY OF THE ANCIENTS 

Although it is often stated that it is impossible to fix the beginning of 
chemistry, there is one great discovery which is unique in its effect upon the 
In i man race and may almost be describe!! sls the simultaneous beginning of 
chemistry and of civilisation* This is the kindling affirm, which is cliantetcristsie 
of all tyi>es of primeval man : SimtntAmpn#. Neanderthal man and the early 
Homo sapiens of East Africa, 

Any single man inny have been the first to make lire artificially, or possibly 
two were needed, one to rub or spin a stick of hard wood on a piece of soft 
wood, and one to bold a suitable tinder. The man who struck sparkii from two 
hard stones and thus ignited some inflammable material was a third and later 
pioneer* si rice all primitive peoples obtained fire first by friction and not- by 
striking sparks. The first monument of chemical history should be erected to 
PfamvlfieitS' the fire -maker. 

It must not be forgotten that thus same Prometheus w as also the discoverer 
of t lie tirt of cooking : an important branch; of chemistry .since the conk firings 
about chemical changes in naturally occurring materials. Wince the rime of 
Prometheus mankind has t>eon able to enjoy t lie savoury and upper ising 
decomposition products of proteins and carbohydrates, broken down by the 
action of heat and enzymes. The scientific explanation of these processes lias 
progressed very slow ly and they are still only partly understood. However, 
they do represent the oldest chemical operation, and we shall not hesitate to 
award the second monument of primeval chemistry to the discoverer of baking 
mid roosting. 

The third pioneer of primeval chemistry" lived in the stone age : hr found 
how to bake clay and thus discovered the art of pottery. (The making of the 
earlier vessels which hat) not been treat di by fire did not involve chemical 
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processes.) It was nt this stage that boiling was introduced into cookery t 
iil e i4 1 chemical changes could he brought about by healing liquids, 
ol fusion a 1st) became possible. At first these were rest rii • ted to molting cut 
fats, but the manufacture of vessels was the first step towards rsitionnl metal 
work. 

\\ hat materials were available to primeval man lor chemical purposes i 
He could in fact use any naturally occurring object, either living or dead. 
Apart from any other source^ this includes all atones and minerals. Many 
things wore used in a non -chemical manner, e.g. lor tools, building, ornament*, 
painting. But Ids acquaintance with the materials used and hie ability to 
distinguish them by their characteristic properties rani (is scientific knowledge. 

The same is true of the early use of the great variety of product* offered 
by the vegetable and animal kingdoms. Here we must include not mily fbotl- 
stnlTs (which have changed very little from that day to this), but abo condi- 
ments. spices and medicaments which entered into conking in an immense 
variety : roots, herbs, ieaves T flowers P peels, woods, fruits, seeds and animal 
products, followed by resins, saps and flours. We can perhaps classify as 
chemical the artificial tapping of resins, rubber ami saps from trees and shrub*, 
and a first step towards chendeal operations ns ay be seen in the extraction of 
plant juices and oils by pressing ami in the grinding of seeds between two stones 
or (also in the stone age) in a kind of mill, or crushing them in a pestle and 
mortar. Of a truly chemical nature are the extraction of animal and vegetable 
materials by boiling, and the preparation of soups* mushes, glue and pastc T 
in which chemical changes were brought about by boiling. Primitive mu n 
wus familiar with the extraction ul tats and animal oils, and ho kncw r how to 
obtain dissolved substances by evaporating down solutions, since salt wna 
known even in the stone age. 

Fermentation took place spontaneously in fruit juices extracted by 
pressing, giving alcoholic drinks {fniit- wines). In the case of the complicated 
processes involved in brewing beer, nature again came to the assistance of 
chemical discovery, (itain which Lad germinated through bud storage wo* 
iim thrown ttway, but was used to obtain sugar solutions which became 
alcoholic by spontaneous fermentation. 

It is impossible to fix any limit in time for the Hr*r discovery of these 
processes or to the find production of acetic add and lactic- add, and ihe same 
applies to the first use of animal and vegetable colouring matters [which were 
used to dye textiles in the atone age), or the fir^t tise of fragrant plant material* 
for perfumes or inoain. 

It aliould he arli ted that the ttsc of metals is much older than might lx* 
thought from the terms bronze age and iron age. These periods were charae- 
ternwl by the general use of these metals, In earlier times metals were found 
(more abundantly than now) native on the surface, especial ly gold (ami occa- 
sionally platinum), Odd attracted men by Its beauty, ami because it was 
malleable. Jt could also be melted in a crucible, and a crucible is no more 
than a specially refractory cooking pot. Silver and copper also occasionally 
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occur native and have been shown to have been used (e + g* in America), Use 
lias also been made from the earliest times of meteoric iron, which softens 
in the tire and can be worked hv amiths. 

These facts do not detract in the leasi from the importance of the greatest 
metallurgical disco very, that of how In r.tirari mHala from tfmr ore$ < The 
drat men to extract copper and iron in this way rank with the moat Important 
chemical discoverers, and may share the most eminent monuments of primitive 
chemistry with Prometheus the first cook and the first potter. 

The Metals 

This discovery may have bean mode independently in u number ut plat es, in 
fact anyw here w here Ores used ns hearth stones came inter contact with carbon. 

The states of civilisation described jls the c&pp&r ugef the bronze wjr and 
tlie iron tif/r must not always he considered as following one another in that 
order- Even in the present age them are primitive peoples who know I he 
smelting of iron, but not [hut of copper. It Is not always that copper is more 
readily extracted from its ores than iron, in fact the reverse is often the ease. 
Iron was pi'obahly not prized by some races who hurl not discovered steel, 
il should also he noted that iron corrodes if hmled in the earth for thousands 
of years p so tlmt we must not expect to find iron objects in very old excavations. 

In any ease, ivrimglit iron was known in Egypt at the time of tin- Cheops 
pyramid (3700 BX.}. IF the rlhrorerif of iron was made independently in 
Egypt, it may have happened when gold was being smelted from the Nubian 
magnetite sand of the Nile with the addition of substances containing carbon. 
It was certainly also known in East Asia, probably at a still earlier date. The 
Hit tiles. (the present-day Armenians) had obtained by adding carbon to 
wrought iron (probably about 1400 n,o.) : thus Ramoses N used sted weapon*. 
Unfortunately the identity of the great benefactor of humanity w ho discovered 
steel is lost in the darkness of history. The same is the case for the discoverers 
of the other metals. The ability to smelt copfier from its ores must lie dated 
back to 50U0 B,c + , while the oonespondiiig dates for other metals are. silver 
at least 3 e ii h i n .t\ ( Egy | it h Mg&i ) . lead 4 non n .c. , tin SJ(H>n n ,c . „ ant it nony a bo i. it 
3500 u.c. T mercury L 300- 1 ft hi b,c + Arsenic was also known from very early 
times* The use of alloys Lb almost as old as that of pure metals. Copper-lead 
alloys came first. tlsen bronze (copper-tin alloys of various composition!* ) T 
and tlsen brass and similar alloys made by adding other metals, espeeiallv 
zinc. Pure zinc was not know n. Gold -silver and copf^rarsenio alloys were 
also known* as well aw amalgams of mercury with gold, silver, tin and lead. 
Soldering stud tin-plating were also known. 

If we consider how widely ancient armies (particularly those of the Romans) 
were provided with offensive and defensive weapons of mm and other metals, 
it is dear that there Timet have been a flourishing metal-industry at work. 

* Jn p*r!y Babylon [h™ wh b n topper Qge aa weJI b» a ftttfw Jijjfo. iwut *I-hi> mixed 

w i th lead in ordur to mnb it map* fuL-ibt--. 
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A bunt lit 00 n.c. the Iberian miners began to extract copper and tin i rN Britain. 
Almost all the ore deposits in the Rhineland were worked by the Roma ns. 
The magnit ude of some of these undertakings cannot be doubted : thus there 
were 40.000 miners and founders in Xew Carthage during the Roman Empire. 
Further, copper alloys were used for vessels and icehnicnl articles to u far 
greater extent than to-day. which presupposes an active industry for extracting 
copper and tin. Large numbers of silver and gold coins were in circulation, 
and the same metals were used in considerable quantities for -ornamental 
purposes. The production of the noble metals must therefore also have been 
at a high level. 1 

It was the widespread use of gold ami silver which made necessary 

greater wuiiifticat faimdedge in this 

direction. 

Ah regards metallurgical 
processes, the ailments were 
acquainted with assaying by the 
cupel lilt Suit of gold and silver \ueIi 
lead. 

They were also of course aide 
to separate gold and silver. As 
they had neither nitric nor 
sulphuric acids, this separation 
wsa carried out by a so-called 
cementation process, i.e. igniting 
wit h common salt and day. giving 
silver chloride, nr with sulphur, 
giving silver sulphide. The gold' 
smiths' touchstone was in common 
use. 

A mural painting in Pumpeii 
shows a goldsmith's workshop, including a smelting-furnace with bellows 
which may have been used for gold testing, and which resembles furnaces need 
for this purpose right up to [he beginning of the nineteenth century. 

Trade In golf I and silver made the use of balance necessary, since this is 
the only method for estimating the value of the noble metals. We know of 
a number of balances with either one or two pans from Egyptian or classical 
antiquity, of which the oldest date from several thousand years u.t\ (from 
burial places and many pictures in Egypt). 3 

1 J 3m- iroit J-oInmh of Jvin£ Dhava in 1,-Mhs pPwtit« I wd uncx plainf>ii rhtTmcrt] [jbenOMn 
In iiie fi rnt gilara no neani run h- dt-tCClr.*!. <unl in tin- w crancl jihin r j| appyarfc tocanaisl of 

Hon.m.4tJpif mm ! 

I.tk*-- i hr rj 1 1 ■ e m rif JLEkd vid^mi-, thi 1 flVbtFni of u>-igl 1 1 a h nf Dihylun ttm (iri^rin. Ufforc 

2i)(S3 n.i . Kinj? .SFiul^t Hu* vrtjjfc uf iba min a |4ai j 3 grain*}. TIuh ha* ivrcirL J cut! the »airn j 
thNUgli many ^nluri.^ ( Ptelolliaic mina, Italian m M. Dutch and French pound. 4SSI-5 gram*). 
Tl» Dii hy Ionian *iW mirm wn* M-H gram*. which Dnriur nsi.^d n,. fttfii trUUim. Thy Atti< 
nniia aitd thu Roman fiiiiun wiTe htii-rd mr fhi L MnhvJomiui itihiijj. being J and i| of il res poet i vet! y p - 
Jihrp Homan tinita of yolump lasted fot »V(tb! ctuturirn, ft/fit/iii* (about 3 litres I. MJtariu* 
( about \ litn-). btmiM i J litre). Smaller irujaimrr-* w * re r&Qt/i u* p u^tnhnhim, wAJenr. 
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Anrirnt Jfyyjtfma fcifarm with two ji jpi.-f. ih Hit 
C nifty A/bum+»ji M i 
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A knowledge of the metals presti piioses an acquaintance with their ores. 
The mwt important ones known and used were iron ores sueh as magnetite, 
luematite, brown Iron ore t iron pyrites ; copper pyrites and other copper 
ores such as carbonates (malachite, chdeociie) ; galena,, tinstone, cinnabar, 
calamine, zhu- blende, pyrolusite. realgar, urpiment. siilmite, mispicket mid 
many others, 

.Metallurgical processes led naturally to a hionhdtjf nf metallic oxides y 
such a & iron oxide (yellow, red and black), cupric oxide, cuprous oxide, zinc 
oxide in different forms (flue dust, tut tv), litharge, red lead, antimony oxide, 
white arsenic. Work “with the ores and metals must have led to the observa- 
tion of imn, copper, silver and leEtd slags, of lead matt and lend sulphide, 
cuprous ami cupric sulphides, antimony sulphide, iron atid copper hammer 
scale. 

The following other com pounds of the xaoetals are of importance and 
interest : copper and iron sulphates (blue and green vitriol), white lead and 
bad sulphate, verdigris, verditer ami cupper silicate. 


OtH UK 1 SOHO ask: Chbmical PnOOESfiBS 

The tirst lime burner and iho Htsi man to produce mortar were dealing 
with chemical facts of the greatest importance, although it is possible that the 
burning of lime is ojlc of those' whirl] gradually obtruded itself upon human 
know ledge. Tit* burning and staking of litae Nike place wbc rover limes torn* 
is used as a hearthstone and then comes into contact with water. They have 
certainly been known for five thousand years. The use of lime for making 
cements Is also very old : it was vised mixed with volcanic rock at Puteoli 
and Baiaefe at Suntoiin, and also at Andemndn Gypsum, planter of Haris 
and their applications were nbo known to the ancients, as well as clays of 
all kinds I white, grey, yellow and red) ; other useful minerals such as tale* 
emery, asbestos, graphite, magnesite; salts such as common salt (rock-salt 
and Dca-aalt), soda (partly natural and partly from (he ashen of seaweed}* 
jHitash (lye from ashes, sometimes "sharpened r by added lime, and ignited 
tartar}, alum (sometimes ignited)* Epsom salt, borax (necesetaxy fur making 
terra nifjillata ware), and probably calcium nitrate, which is formed spon- 
taneously all over the world in suitable localities, though it may not have 
been observed. Ammonia and sulphur dioxide have been known for a very 
long time, and carbon dioxide is mentioned by Pliny. Of the inorganic elements 
the ancients were acquainted with, sulphur (crystalline and flowers of sulphur) 
and carbon : soot, wood charcoal graphite and diamonds, though the two 
last were not recognised as forms of carbon. It may of course be objected 
that many of these substances were not known in a pore state, but the same is 
true of our industrial chemical products to-day. 

Tin pnhtt* of the painter of antiquity consisted partly of natural mineral 
pigments, such as white clay, chalk and other forms of calcium carbonate, 
yellow ochre (which was also used ignited)* hematite and red ochre, pyroluaite, 
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gluiuximte. malachite. nzurite, lapis laiuJf dnrmb&r. realgar, urpiment* U 
elk], however. also include a number of artificial pigments ; powdered terra 
nitjiihftt, iron oxides (yellow + red, violet*, input rnartntim), white lead, red load, 
cinnabar, verdigris, artificial cupper carbonate, art ificial Babylonian lapis 
lazuli ( Egyptian-blue r a lead glass coloured by copper oxide and sometimes 
co ball oxide, the hitter being unwittingly introduced by using materials 
containing cobalt), lampblack, bone-black* vine-block* anti finally gold mid 
silver as filings or leak Although the pigments of antiquity are known, the 
same is not true of the methods of painting used. In spite of much labour, 
the technique of the wonderful fresco painting and wax [minting of the ancients 
stil] remains imperfectly* understood, 

Th* pottery f*f if™ naaVuJtf is also worthy of attention. Such pottery is 
Usually valued for the incomparable beauty of its design P but purely from a 
chemical [joint of view the potter of antiquity tins never since Iwssn equalled. 
Work like the block and red figured Attic vases could not be imitated to-day 
either in material or in design. The nature of the Soman term sigUlahi ware 
(which was also made in Germany in the Palatinate) is gradually being cleared 
up, but it m not yet possible to equal it. The same is true for the black term 
sigilltita i Bucchcro}. A kind of stone ware was also known in Egypt. 

Tfu manufacture of ykiss hi ancient times is worthy of special attention. 
There is a legend about tho glazing of limestone standing in desert sands 
containing soda, though that is of course a later story, 

it is certainly a fact that ykizittg was discovered first. In ancient Egypt 
there were glazed day bricks and scarabs about loon u.c. 

The oldest known glass vessel comes from Thebes and dates from about 
3ni>0 ilc. By 30Ut( u.e. it was possible to make blue and green glazes containing 
copper* as well as black heads. About 3#U0 n.c. there was colourless glass „ 
green gloss coloured with iron, and blue glass coloured with copper carbonate 
or silicate. 

By 3000 u. c. the Rabyloiiians certainly knew a variety of coloured glazes, 
e.g, light and dark blue, yellow and white, prepared by using copper* antimony 
and lead. By 1500 n.i . there were in Babylon (Tdl cl- Anmi n&) a variety of 
small glass flasks. jugs, vases and mpa (some Limes dark blue, which could he 
used as a pattern]; glass imitations of cornelian, jasper, obsidian and lapis 
lazuli : yellow and red glass beads, dark red cnpe r and opaque white lines on 
gloss marie with zinc oxide. Iron ochre was used for colouring glass yellow, 
and additions of manganese and cobalt have been detected in blue and purple 
glass. 

Obss-bbwing with a tube is probably a Babylonian invention of later 
date. Coloured glass was widely used for imitating precious stones. 

If we wished to erect a monument to the unknown discoverer# of glass it 
would probably be to an Egyptian and a Babylonian jointly. 

The Egyptians prepared glass from sodn p wood ash (potash), marble or 
mussel shells, and quartz sand. Lead glass was also well known. Egyptian 
glass was coloured black with magnetite, yellow with iron, blue with copper 
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[or sometimes cobalt ) T rof3 with cuprous oxide, purple and brown with pyro 
lurite and white [like enamel) with tin and lead, (ft is sometimes incorrectly 
stated that tin glasses were not discovered until the Middle Ages,) Hu by glass 
coloured by golf I was also known to the ancients, 

{Haas was originally shaped round a Hay centre which could he removed 
afterwards, while later the glass wm pressed cm Hat or concave moulds having 
raked or sunk relief. This developed later into the process e if casting. 

In Roman times the manufacture of glass was a flourishing concern. 
Blowing with a tube a ml into moulds was practised. Class furnaces were 
known to the Romans (also in Human t kwmuny, e.g. at Trier], crucible furnaces 
and glass-maker* pots being used. 

The range of technique was very wide. Thus there were glosses with 
thread decorations. with applied network, hi steel glass, artificial iridescent 
glass, moulded dishes, s trio ted glass, glasses made by pressing a solid centre 
into a mould. All kinds of grinding and engraving on glass w ere known. Qlass 
mirrors coated with metal (sometimes deposited silver and gold) were used, 
glass window panes (Trier), and beautiful imitation* of precious atones. Flashed 
glass was also known* and surface decoration by grinding. Even painting glass 
with colours to he burnt was not unknown to the Romans, Diamonds were 
used for cutting glass. 

The zenith of Rinnan glass making is rcpresenicd by the so -called myrrliino 
mosaic glass. Their technique has been /rwf. and ill spite r nf much labour has 
never been rediscovered. High prices are paid for the few surviving pieces of 
this glass-work, or even for fragments. 

These facta have loam described in somewhat more detail in order to show 
the reader that in many fields the chemical technique of the ancients had 
reached an extraordinarily high level. In the Helds of pottery and glass making 
it is particularly dangerous to despise the achievements of antiquity or tu 
take pride in our present attainments. This fact may be readily seen by a 
walk through some of the museums of the world (e.g, for Roman gloss the 
Walraf-Richartx Museum in Cologne)* 

Ospanic tiiR&TASvm 

The number of organic substances known to the ancient* w as very great, 
including of course particularly those substances which occur naturally or 
may ho easily prepared from naturally occurring materials. We may mention : 
petroleum, mineral wax; asphalt. natural gas, amber, resin* from all conifers 
(pine, fir, larch, cedar, juniper), colophony, pitch, tar-nib, (e.g. from pine, 
cedar and birch tar), turpentine (from terebinth), numerous vegetable oils, 
e.g, from olive, almond* hitter almond sesame, cfistor-oib walnut, palm, 
hemp. bon nuts, rape, turnip seeds* flax : animal fats, such as tallow and 
soft fat* from runny kind* of animals, wild and domestic, fish-oil, liver-oil, 
wool -grease (la no line) ; soap, soap-solution and lead soap ; 1 wax, crude and 

1 TJv- KUfcniuwrfnt of Ufl]cn Dm wimpliribu# tt r. fuvr i* ibu* (l!nd rwitury a.ij.) dwly ALaltM 
that *»«!> can b* maocr finani jtoait. nr coniel -tnIJnw, **lily* amt lime. 
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bleached : starch from various kinds of grain, especially wheat ; sugar mib- 
st it ii tea : honey T manna, juice from liquorice, carrots, elecampane, palms. 
Contrary to Iippmann we believe that the Creeks had at least heard of 
cane-sugar. and we believe that his arguments against this supposition arc not 
tenable. Beside* the juice of sugar-cane* cane-sugar itself must have been 
known (at least in the countries or its origin), The process of obtaining sugar 
from the sugar-cane is so simple (pressing and evaporating down the juice) 
that it cannot fell ti> have botan discovered wherever sugar-cane was available. 
The question as in whether nr not Dioskutidea had actually seen such sugar is 
of minor importance. 

Varieties of gums, such us acacia (gum-uralnc), cherry-tree. tragacanth* 
Vegetable mucilage (from orchids). and birddime from mistletoe. Vinegar 
from wine and beer, tartaric add solution from unripe grapes, as well as tartar 
and juices containing malic, citric ami oxalic acids. 

Tanning substances, such as extracts of gall-nuts, oak -hark, poniegranate- 
hork, sumach, etc. 

Resins for medicinal use, partly also as fun ligato lies. e.g. aloes, gum- 
ammoniac. asafmtidu, bdellium* dragon's blood resin (also used sis a pigment), 
eujihiHbiiinit galbanum. hibdanuin. gum mastic, myrrh* opciptmax, scaiiiinoiiy. 
gum-elemi. slymx h frankincense. Frankincense, myrrh, sty nix and mastic 
were especially used m fumigntorfes, as well ns benzoin in South Asia, 

The true balsams (from the bolsAtnodendron f). which are not known 
to-duy* were very costly even in ancient times. 

From a chemical point of view especial import an ce attaches to the colouring 
mailers of antiquity* particularly those used for dyeing. We may mention 
purple Irons the molluscs purjnira and mur^i c, madder, kermes, archil, alkane r. 
dragons" blood, poiiiegranatc-flowens, indigo h vvoad, sepia. Rh us cut ("a ns r nut- 
shells, my rubai jin, acacia, broom, saffron, safflower, weld, f iiospifftw hAu.% 
dyer’s buck t hum (Avignon berries)-, sap green + gall-nuts. Alum, urine, 
vinegar, oopjKr sulphate and other sul>stnuccs were used us mordants. 

The most widely used writing materials were India inks and ordinary iron ■ 
ink*. As to-day, India ink was made l>y mixing soul with gum or glue. It 
was kept os dry slabs and made up with water. The best varieties were made 
from vine -black, yeast -black or ivory-black ; cheaper varieties from lamp- 
black* resin-black and pitch-black, tritile the worst was made from ordinary 
soot. Chinese ink was also used, coining Into the market as Aimmentum 
tndicum . Vitruvius describes the manufacture ofkmiphkiek. 

The gall-nut inks were prepared from extract of gall-mils bv .adding gum 
and ferrous sulphate, just as to-day* Pliny describes a gall-nut test paper (of 
papyrus) for detecting the presence of fern ms sulphate (e g. in verdigris). 

Other animal organic substance* which were probably known are egg- 
albumen, casein, gall, glue and gelatine (from bones and fishes). uric acid (from 
situ kc -excren lent ) . 

A* stated above, the most important fumigattinj was frankirn-LUi^-, to 
which must lie added myrrh, mastic and styr.ix. and probably in South Aria 
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also sandal-wood and benzoin* Of the rajn/^jfT&dW /awn^/eries, the most 
important were thoue of the Egyptian** The mmt famous of all was K if phi. 
According to the Osiris text from Betidera it contained twelve ingredient^ 
while according to Plutarch there were sixteen, namely honey, wine, raisins, 
ey perns, resin, myrrh, uspal&thus* meliLol* mastic. bitumen, saffron, sorrel, 
juniper (two sorts), cardamom and calamus* It is possible, however, that 
some of the names have been incorrectly translated. 

The substances used in Egypt for embalming corpses were of many kinds, 
in particular mastic, sty rax r asphalt and resin from pine, juniper and cedar 
trees. 

Effitrml oih were chiefly obtained by maceration w ith cold or lukewarm 
olive oil (nr other oil), also in Home cases by pressing. (We shall discuss later 
how far they were obtained by distillation.) In this way oib and mixtures of 
oils were obtained from aniseed, caraway, wormwood, cloves, iris, mustard, 
onion, clvive, calamus, cherry -laurel, parsley, pennyroyal, lavender, mint, 
marjoram, thyme, myrtle, spikenard, narcissus, lily, rose. rue. cress, radish, 
rosemary, sage, mustard, juniper, oedar, cypress and cinnamon. 

Of the costly animat perfumes the host known was castorcum. also used 
medicinally. 

These perfumed nits were chiefly used for making aintmmht. Many of 
these were simple, but a number of them had very complicated composition#. 
Thus according to Diotikuridea, ointment of Him consbted of olive oil and the 
ext nut of a thousand lilies, spiced with calamus, myrrh, cardamom, saffron and 
cinnamon* According to the same author narcissns-ointment consisted of oil 
with narcissus flowers and spires such as calamus and n&palathus, w hile oil for 
spikenard ointment contained Indian or Syrian spikenard (varieties of valerian), 
nudobathrum oil, edible mots, anuummi- beard grass, myrrh and real balsam* 
Pliny mention^ aimilar mixtures, of which the augmented Mcndealan 
balsam/' the great balsam and the royal balsam must have been very costly. 
The hist contained twenty-six ingredients. 

Substances used aw tfMitiut ics (iii addition to the ointments) were white 
lead, mi lead and antimony sulphide (Mack), while blue and green face- 
pigments were also used. There were also Indr-dycs to dye grey hair a dark 
colour and dark hair blonde or golden* We may further mention substance# 
for blackening the eyebrows, hair-lotion, fiue-Lotiun, tenth- wash, remedies 
for odours of the breath and arm-pits, bleaching agents for the complexion, 
depilatories ami hair-restorative#. 


Medicines 

TJie medicines of antiquity are* worthy of particular attention. .Most 
remedies were naturally of origin, but there were a number of an 

animal, mineral and rhrmical nature. Of the laiier we may note especially 
alum, sulphur. copf»er oxide, copper sulphate and iroii-riist . 

It is quite impossible fro enumerate nil the vegetable medicim although 
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nil of them contain special chemical substances with characteristic properties. 
Thus t i’ll- Papyrw fibers, written between 1700 and 1200 u mentions over 
. « hundred medicinal plants. According to a list compiled by Tschirch. the 
medicine cupboard of tin* ancient Egyptians certainly contained one hundred 
and eighty drugs. Among these there were many worthy of note, such as 
aloes, calamus, hemp, henbane, mondragora, mint, wormwood, myrrh, 
frankincense, styrax. castor-oil. jujube, mustard, liquorice, fenugreek {Tritju- 
nttta putpurese&tf), squill, sferychtios, opium. 

Among the animal medicines various animal fata, [tortious of entrails and 
kinds of blood art? of sjteciaL interest. 

The knowledge of the Babyhititm# was probably quite similar. Many 
(Imk authors from llomcr onwards provide points of interest. Herodotus 
knew various medicines foreign to (! recce (cinnamon, myrrh , frank incense, etc.), 
and a grew i deal of information is of course to be found in the writings of 
physicians. We shall not attempt to enumerate the hundreds of drugs 
mentioned in t lie Corpu-i Hi/ipocraticu?n. Hippocrates the (ireat (probably 
4a!t-377 a.e.) and his school knew and mentioned numerous aperients, emetics, 
gargles, diuretics, eudorifies, astringents, sternutatories, corrosives, cooling 
remedies, hair-restoratives ; also medicines for worms, ulcers, wounds, 
flatulence, female diseases, eye troubles, skin troubles, womb troubles (probably 
including ergot ) ; medicines containing tanning principles, and poisons. Among 
the plant poisons of antiquity we may mention aconite, black and white 
hellebore, henbane, thorn-apple (stramonium), hemlock oleander, meadow 
saffron, varieties ol mezereum, mnndragora, bdladonns (deadly nightshade}, 
squill, doreynium, strychnos, opium, hemp. Among the animal poisotiE were 
si lake- venom, toad-venom, cant borides. Medicines were used in the form uf 
decoctions, infusions (teas}, extracts, electuaries, ointments, plaster* and 
suppositories. 

TheophraMot Eresioa, the ]iupil of Aristotle (probably 371-2*11 b.c.) 
describes almost u hundred medicinal plants, among others film# medial, 
varieties of pepper . male-fern , elemi , etc. However, by far the most important 
source for the drugs ot untii|iiity in the great Phttnuocoptnid of Potanins 
Diaskuridea. a.d. < 7 or 78. Dioskui'ides can hardly have known less than live 
hundred reim-dies, and lie niis justly the source of pharmaceutical knowledge 
ldi many centuries. All his successors right down to the sixteenth century 
an* indebted to his knowledge. 

A contemporary work is the natural history of Caius Pli/titt* Srcttndns 
(a,i>, 23-78) in thirty-seven volumes, which has preserved for he an immense 
amount of information about the knowledge of Ids time, including uf course a 
great deal which is of interest to the historian of chemistry and pharmacy. 
Posterity has every reason to l*c grateful to him. 

Of considerable interest for the history uf medicine is the first-known 
ditpetuxtloriiim by the Latin author Scribonitis Lanjiu,, a collection of pre- 
scriptions entitled Compositiones." Tins work gives an excellent idea of the 
complex medicines uf antiquity. The author was a physician who wrote 
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PLATE 3 

Turin uj Qutttt MtiMith slrp fftiw f\tr tvmb til Ththe*, Afifutt I T^l h HX' r Original* in Ota 

E-ryiitiun MuwlUr^ I in - r T i x l _ 

Root, basin of pwii i^ntfry. tunnll ItudJ** with n nwynhlP pnE in Eh'- ■‘4-utrr P li&isij mim>r 
with th* ht-dd of llwthur i^jlM uf luv-4. uptight v.^«4 of n<qj.<m im>. 



PLATE 4 

Hiicufll uv/rkvlwp f**r preparing <fi unarms. lU'nlS pointing in tin- Cdwsi *\^i Vuttii, lYirnpfd i ,/ 

I- JMhvry of umtsih-nt*. 

- . ninnm^n .upbaanL 

II. Trtblo wilh sL-ftlfts uml roll of prescript itm*. 

4, Mortar with pestle*. 
fi r Tripod cauldron. 

il. Oil jin** e tin: expn^E>d liquid runs i*st*i a bowl. 

7. Thr.‘ vurtk-ul plate* of tto pi»s wj-p* nut fitted toother by mgfuu of --n-ws, bus by hUitrjji; with 
heavy hiiEutner*. 

about a,d, 47. He used in Isi* prescription* aljout two hundred and fifty 
vegetable and twenty-nine animal ingredients* Many of the complex remedies 
ns list have been very laborious to prepare. We shall mention u few of th« 
most famous. 
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Tiie panacea of Heras contained the fallowing ingredient* : diainiepity* 
(probably Ajwjfi ir«) T com Frey, diamadata (Jkiphnr (wnidium, or aunt her 
k pedes ) r tn u mi biu n i ( M . Pm tidod irta m n rw), penny n )ya I i ,1/ r /itita / J u/epiti m ) . 
lesser centaury (Er^/Arww r^fiwn^w], helps mini [etemmpaneh ariatoloehm, 
Imnkmceiise. myrrh* ahies, olive oil, honey 1 propolis, amianthus 



PLATE 5 % 

Diwtkurhtt* frith mandrake. At li i* fo< v i n ilog ilmlhlnl i k] f with pfMiir 
From tin? Cod,'* i-onatiiQt i naj^lvtam^ of J Jits ki ifkh^ (A IK Jit 2). now in Vii'imn, ivhiili 
H-i>rn:a iNjH I hi- oMeot pirUuv* of luerb* ttJCtdnl 

turpentine, green vitriol, bitumen. TVmi mnpit//iiV/fVf. silver-sing, gull-nuts and 
orris -rout. 

A particularly fragrant medicine whs the o/ Zoptfrw (]80 it.c.i : 

the root ol f '<,.*{ >tx Arabic as, frankincense. ppp;r, Flvrr* Jttnci {perhaps 
A nsfr, Srf)„ titnitliiiM). ■-ill tirtm* > ei. i-nssiu. >ntTnm. myrrh. Indian spikenard : 
*lw**e ingredients were mixed with powdered wax and wine. 
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The milidote of Philo constated of saffron, pyrethrum (probably Anactfdm 
Pfjrdhrnm) 7 eiiphorbiuni rram, spikenard, white pepper, henbane, opium, and 
honey* 

The 111 ost complex medicines of antiquity are probably the awtidot* of 
JlitAridat&a and the Thtriar of Andrmmzkm (about a.d. a4). We shall only 
describe the hit ter, which contained the following Ingredients : 

Pastilles of viper? 5 flesh, pastilles of sciUa bulbs (which were coated with 
flour and baked}, opium* Magma Hedychroi (an ointment prepared from 
asaruxn, aspnhtlurs calamus, Valeriana Phu, sehcenanthus, balsam wood and 
sap, cinnamon, myrrh, nm lobu thrum. Indian spikenard, cassia, saffron, 
mastic and Fulernian wine), orris-root, rose-petals. liquorice-juice, turnip 
seeds, scordium (Teucritim Soordiuni ), Syrian balsam, cinnamon, agaric us 
(purging agaric}, myrrli. root of Costu.* Arabictt#. saffron, cassia, frank incense b 
schtemmthus {Androputfou), spikenards white and black pepper, Pontic 
rhubarb, stcechas {Lnmndtih Stadias), mar ru Ilium {Pstudoditiamnm), apiuin 
(probably paisley), oak mint ha. turpentine, quinquifolium [PaUintilh$ rtpittm)) 
ginger, pennyroyal {Mehtha Pnhgium), chsmuepity* [Ajtttjn ir«) p amomuta, 
sty rax, seeds of the Cretan Gam under t Valeriana Phu, Lemnian earth (day}, 
mnlobathrum leaves (patchouli i) f calcined green vitriol {Caput mortu am), 
gentian, aniseed, the juice of Ctfiinw Hypocisti*, gum-arabic, seseli (a plant 
of the P mlK-ti if erie genus), cardamom, fennel fruits, acacia, thlasph hypericum, 
arnmi, sugjip;umni p castor plant, aristolueliia, carrel, seeds, bitumen. opopon&X, 
centannuiu (lesser centaury ) T gulbaiuim. old wine and Attic honey. 

Many more recipes are given in the writings td' the Homan physicians 
Aldus Cornelius Oelsiu> (about m. 20-oU) and especially Claudius Galcnus 

(uliOUt A.jJ, ISO 21U). 

Fuutlty, n> regards htrtrotjtH. even the Babylonians knew n number of 
varieties of both beer and wine. Emmer wheat and barley were used to brew 
mixed beets, black beer, red beer, small beer and spiced beers. Apart from tike 
use of hops (which apparently was not known to the ancients), spiced beers 
arc no longer made in I lennuny. To this day beer is made in Egypt by methods 
very similar tu those of the ancient Egyptians. Mead, made from fermented 
honey-water, was known to a number of races. Honey-water was often added 
to the beer-mash in order tu increase the alcoholic content, 


The iHEmv.iL AiUMU.vrr-s am? Apple a v< 't:s of AsTiQirrrv 

The Papyrus Ebers shows that even in its days (UiOu tU 1 .} the pr. .durtiun 
of medicinally active substances involved the operations of boiling. infusion, 
maceration, extraction, nitration. percolation, expressing, powdering with 
grindstones, pestles and mortars, It need hardly he pointed out that alt 
kitchen utensils could lx j used for chemical purposes when suitable, The most 
impnrliint of these was smelting. The relatively extensive industrial activity 
of antiquity must undoubtedly have required t S t l- cstciblisliiiieht of corre- 
spondingly large furnaces. 
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J'LATE o 

IlfustrKftiaftJ* ttj Afcinxnrtrian rkemi&il 

"E ^|‘ |«otuw«» fronm marm * mp of the l* nfb or*-], cnnili n n fury, u ri Hi-fi in Cn^k, 

VI] I h mmwrcm- NSpbicmtoiy i ]|ka>i mi jrjn.-. It is ki.-j.it in St, Murks library m \ .-n i. .. hlimI 
Tvpttmiur^ nlnOng many m k<r itHn-W-nl i^r>. i| P i work of an Egyptian ulohoniht imm^L 
Clpopnl rrt on making u<»M ( ^ fK-rlmp- mtf thr -vi-ocl century A,|), Tb- 

drawings frv.ni I htsiirii. I MSS. wvn‘J]t»r jHiblbhu-l by lb.- FmmOi .-In n .^[' M , L^ri bflm 

in iLtEr inim-Wr-w ft fctUfldU ta rJn' TJJdV */ t \, Hjn.-nvj, i7u HKi^rfi uj^ + PjiH*, ] SHU. 

I. .Mr mbits witii two .k3 ivory 1 ufc< .« (liitiikoti) fin a fumtuf. 

-■ AWnblt* HKrj r’urmnv ■ v^.h-Ip; 10 r fixntluii. 

$. AK-nabil- on fiimftii 1 , ujlh ruerivur^ 

J. Vi'wt'l fw filiition* PH furmii-H-. 

3. Dlbiktm w It 1 1 two rorrivv r*. 

li. Tribiko* '■a. with two rvi-urn-cs. 

7. Cup^x dLSMlIution Appantltu tm4 reraivur : no HtilL-lwoil, 
tl. Tribiko*. 

H. i ImT tiling fumura. Thu diisti llAto fa lb tato m hinted cuuLdrork. 

3 lb Still-famuL 

3 1. CyllllliriraJ djgratioft vi^i^Ih of earth* rtwu,Tw + huut<>d. 

3-* Kmtrtikip apparatus ihiutud palulto}, 

13. A@h-buthoo trijK*!. 

I 4. (’onlflin^r for lb mihtitancv Eo I*' treated, 
to F K>h-> »i uk i* , 

10, CorMliMLiUlikuai YttBW‘1 for iho sublimate. 

17. Kurolfikirf a]][mrah^. 

Ik. KvFMlakta appAmtite. 

1-b Pnjrtt* with E -vv-Th uontnmur* fur n ubat ft net*. 

20. Kenamkiif {bntixl jHilt-t.ru], 

23 . Ki'irilakia nppamini-.. 

22. ttpiglmwrH For ^uhliraatioii* 

23. Kurnuikb npjiqtatUa. 

The extraction of topper, iron, tin find lead from their ores dwnandul 
reduction furnaces fitted with hollows, Tempering furnaces must have been 
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used for f lic product tun of steel, and cupelldtion furnaces were u necessity for 
refining silver. The extraction of mercury involves some kind of distillation 
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PLATE T 

IHrtJttrutiiv * ■' •■/ AkrTdNfiri^n chcmiftli tijtfUfMfU*, 

Manuscript 'lli'In liihI i^7 in thi* XnLtcuial Library* Pnrin, Tnltrai frvirsi ftitm ht* fi**n 

fi IVltafr to fAiwif tf/* <mi »f i/« moyttr >|, Fatih, | ssji. 

L, Copfkrr triMkos on turfiAff*. 

2. iiri HUid bath, 

:i. Copper nlembic on fiirniin'. 

4. Di^shon-vefWJ'l tn film KM, 

6, Tnbikofi tin feimnix-. 

is. Copper dulling- without atilMiofflt 

7. Ditftwl iuti-VMpl oil iripod- 

Ji, t Ji jgpirt ion - vboac j in fiimotfl. 

Si, Pi«Pftlm4 , wwel on fumace, 

10. Ahmhir. 

1 1 . Alembic n|j wNEif- Of Ash-bAlh 

12. Alembk- (SvtHgiiiB). 
iTi. Phial, 

1-L AJ ™ biv with Hiiblinml itiii fiitachtnent. 

3fj, Subliltfcannn u|h|wtnlEti> u-|f 3i jrnk<-t. 

Ifir ^blimAtiop Appikmtuif dq lurnw^. 


apparatus. In order to smelt metals, crumbles and crucible furnaces were 
necessary, while east iron was also known. The production of mortar and 
plaster of Pari* presupposes kilns for ignited time and gypsum. The munu- 
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fiicttirg uf bricks arid pottery took place in kilns, of which a number have been 
fmmd. and glass manufacture took place in glass furnaces with refractory pots. 

Especial interest attaches to dixtitlatioK ie£&eh* + Distillation was carried 
out even in antiquity. Even when we have no direct evidence of this, it is 
reasonable to suppose that such a simple fact could not have been unknown. 
The lid of a boiling saucepan would illustrate f lie process to anyone w it h the 
slightest power of observation. If the saucepan lid is provided with an outlet 
or some arrangement for draining, then the distillation vessel is complete. 
Aristotle confirms the knowledge of this principle. He says : ‘ If a mixture 
of liquid and solid components is evaporated r a vapour Is formed which can 
be condensed to liquid, while tile solid components remain behind/' The 
principle of distillation could hardly be snore dearly expressed. In another 
place lie mys that ^en -water can be made potable by «ii* dilation. 

The prticrss of charcoal-bun ling also illustrates a type of distillation 
process which was very well known to the ancients. The depression in the 
heart hat on l> to collect the turn- volatile products together with the delivery 
pipe and the trap tor tar constitute u dint illation apparatus. Tar from all 
kinds of coni fora t pitch and pitch nil were known, anti were produced particu- 
larly in Colophon. f hull and Fitynsa. Further, the slow combustion of conifer 
wood in its own kiln constituted a kind of rfixtilhitio p:r dear rtwuwi. III the 
product of soot by a kind of destructive sublimation. Dioskurides re coni mem Is 
water eoolijjg for the cover, which lie calls amhix. It is impossible to obtain 
merciirv from cinnabar without distillation, and the production of zinc oxide 
in the chimneys of smelting furnaces IwLniiga to the same category. 

We must uIsm mention the type of distillation described liy Fliny and 
Dktfknride*. in which sheep’-" won l was used in catch the oil dlsLiEling over 
On the preparation of oil from cedar, juniper, or refill ). 1 

P. rb. Ray lias described some Indian apparatus used in the late Middle 
Ages which probably resembles the apparatus of the ancients. It includes 
sublimation vessels, two pots placed one above the other, apparatus with 
bellows fur dUltltatio per *le$ccH&l tmK and distillation apparatus with delivery 
tubes and primitive cooled receivers. 

Xu pre-Lliristian drawings of distillation vessels have come down to us. 
Ji was only after the third century a.jx that manuscripts dealing with chemical 
subjects were illustrated. A manuscript in the Library of JSt. Mark. Venice, 
ton La ins texts by various author^. not abb Zoeimos of Panopolis ; m this are 
illustrated numerous vessels which undoubtedly must have been used for the 
purpose of distillation. A manuscript in the National Library at Paris also 
shows illustrations of a large variety of chemical appliances. The 
apparatus at the disposal of the chemist at the close of ancient times 
and the beginning of the Middle Ages is very well illustrated, There 
were small portable furnaces, while oil lamps and candies were also 
u^ed for heating. Distillation was earned out on an ash-bath or on 

1 Ilk lb * tom W.V tc.iky nu rtriwk that tath Aristtitk iuni Pliny know ilknf ^strong winta 

lti vc cJf milnnnhnhlp VApoutH ijnlcttbo)} on beating. 
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a water-bath (Isis bath. or bain marie) ; both these methods were 
known mufh earlier. The distillation vessels were of froj>]ier or glass. 
They consisted of a Hask (or phial) surmounted bv a still-head. which was 
later known as an alembic (from the Creek word ambii , which was also used 
to describe a still-head). The evaporating liquid condensed in the hear], which 
could be fitted with an enlarged rim in which the condensed liquid collected. 
By means of a delivery tube fitting into this rim the liquid was led into a Hash 
(receiver or rcceptaculum). In place of one delivery tube there might lie two 
Or three, each with its receiver: the apparatus was then called tlibitm or 
trihikoK. It may be noted that copper distillation vessels with two necks are 
used to the present day hi the spirit distilling industry. 

There were of course digestion vessels (c.g, for dissolution) and also the 
so-called circulating vessels, the action of which may he compared with that 
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I, ftirttHing iippMiktu* with very fiirriSiV coaling for the niH^hw. 

i SsflilLirirttorv : ihd Hp|)tT nli^ll 13 - with P>M WMtor. 

3, Sublimu ton 1 - 

of reflux condensers. There were vessels For calcination (oxidation of metals) 
mid distillation vessels somewhat resembling the retorts still user I to-day. 
A piece of apparatus in the St. Mark's manuscript may l« a " Moor's hear).' 
j.c. a water-cooled still-head. (The cooling vessel surrounding the still-head 
has been compared to a turban.) There were also sublimation vessels, which 
arc of course only a variant of distillation vessels. 

Especial interest attaches to the so-called kerotukis or palette apparatus. 
This was probably similar to the construction described by the Indian Ray. 
in which a perforated plate is fixed between an upper and a lower jar. The 
substance below can volatilise through the perforations and sublime into the 
upper vessel, or alternatively a substance can hr placed on the perforated 
plate, where it is extracted, dissolved or Otherw ise acted upon by the vapours 
coining from below. 

Only a little actual chemical apparatus has been preserved from ancient 
times. There are of course many earthenware jugs and glass bottles and phials, 
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wliieh nmy or may not have been used for ehemivnl purposes. Many of them 
have been found in tooibe and were never mod at all. However, vessels for 
oil. ointment anil balsam are well known in large numbers in any collection of 
antiquities ; ury hallos, ahibafltroa f balaamaries. They were made of earthen. - 
\k lire, glasia,, alabaster anil bronze. There arc also cosmetic vessels of manv 
kinds, mortars of marble and other sorts of stone, also a few vessels used bv 
a potheen nes. Eartlienware vej^pb with filters are not rare, including beor- 
hbers and jugs with a fitter in place of a lid (for making infusions). 

TJie incense burners, cellars and incense-spoons which have been found 
are of a ceremonial nature. 

Of numerous varieties of cooking appliances, apecuU mention may he 
made of funnels and siphons of glass and metal. 
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Matftrrrti I mi tan riinmnii iipfMTritiui i thtij}, 

\ . Estfiii‘i ion u |j pm rat u#+ 
y -ynniriLtLa^ r-^HRihling fe&ra>tAldri. 

3- Dt^bnjrt', 

Smeltmg-omdble* and pots hm glass-making belong to the field of technical 
chemistry. 

It is ini pur hint to note- that balance* (with one nr two pans) are often 
'■ """I illl(l HiM nioiv.Jn-ti uri,jht* nj'Mlii, ti Him* iiriM-omiitcie sets in ,m W inn.s 
imd private collections. We may also mention the existence of actual niwuics 
for measuring the volume of liquids. 

Two Supposed glass retort* are known, one at. Aliscanip* in Franot and 
the other, originally found in Syria, in the Deutsche Museum in Munich. These 
Hn-caUed retort* are probably only faulty or unfinished phials. 

As regards the most important manuscript soitrc,* for the chemistry of 
the ancients, we have in addition to thwe dealing with medicine (particular I v 
1‘lmy : «* above) the papyri of Leyden and of Stockholm. These are from the 
thud century a o. and deal especially with the Falsification of metals, precious 
atones and costly ayes. 

Material is also available in tin- agricultural and technical writers of 
antiquity (V ifcruviua : the cookery book of Apidm). 
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The Egyptians appear to- have known the fundamental principles of 
practical cliemioal manipulation, In fact the word '* chemistry " for alchemy) 
may have originally meant " Egyptian learning.” However, the Greek 
philosophers anil physicians also carried out experiments, especially Aristotle, 
who, among other things, carried out researches in what we should to-day 
term colloid chemistry. 

He grasped in a remarkable way the action of the male aex hormone, 
realising that " small change* acting on the principle of u thing can effect 
large and manifold changes aL the periphery, just as a smalt movement of the 
rudder can bring about a large change in the direction of the ship.” This is a 
most penetrating and modern enunciation. 

The Theoretical Chemistry of Anthjitty 

Special interest attaches to the concept af eU'-mr.ttU* This was quite different 
kn the conception which was held right up to present times, a conception which 
in turn has given way to the idea of electrons, positrons, neutrons (and photons), 
■which can hardly be termed kt chemical " entities. 

We can hardly expect that ihc scientific concepts of the Ancients should 
lie lasting and niLciniiiged by further work. It Is i|uite unjust i liable tu belittle 
the concept of elements founded by Empedocles and Aristotle without con- 
sidering under what circum stances it way produced. The idea that there were 
substances which could not be subdivided furt her must have appeared illogical 
to any philosopher,, and we cannot suppose that an Aristotle would entertain 
such an absurd contradiction to experience. 

Aristotle taught that there are Four elements, earth, air. Jin and imter. 
It did not occur to numerous chemists of the past era that these names wore 
only symbols lur the solid, gaseous, incandescent and liquid states. Thus if 
it is stated that a substance contains the element alr r it means that it van be 
converted into the gaacous state. If wood is stated tn contain " earth " and 
“ air/' ir means merely that it can Iw mu is Formed iti solid lash, chai*W)iuid 
gaseous sub stances, Considered in this light , Aristotle's conception of elements 
hay a reasonable interpret at imL 

The elements are closely connected with the principles of heat, told, 
dryness mid moisture, When Aristotle Raya that the properties of substances 
can be explained on the basis of these four principles, he is not so far from the 
truth, He states for example that I he form of matter is regulated by the 
principles u Cheat and cold, which La completely correct, ils is also I fie statement 
tJiat even their specific weights depend on these two principles. Aristotle's 
theory of elements must be interpreted as an attempt to refer the properties 
uf substances, i.e. all tlait is known about them to a small number of principles 
(ftntdatttt rttftl properties^ which is » fundamentally sound line of attack. 

As regards the theory of chemical processes the attitude of the chemists 
of antiquity to the atomistic theories of I temorritus and Epicurus was certainly 
not the one which we are inclined to attribute to them in the light of present 
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knowledge. A 3 urge number of chemical process were known. but these 
were us a rule regarded w suh/It processes of Mending or Mjmraiioi j. and were 
not in any wav connected with aji Atomistic conception, The idea tli a( all 
chemical substances are mixtures must not be lightly dismisred. since it is in 
fact the truth. 

The idea associated with the word trunxmirfatiuft was not that one sub- 
stance could be transformed into another by some wonderful or magical 
process, but merely that {juin as in marriage) iw'n substances could smite to 
produce a new substance. The non * [di&m of id chi my may Ije in part due to 
this idea. 

As regards weights and proportions in chemical precessvs, Empedocles Is 
of tlit- u pinion that the differences between substances depend ultimately upon 
differences in their qunntUotirr Like Aristotle, he states quite 

dearly the luw of conservation of mutter, a law which is i.i some extent 
abandoned ill present-day chemistry, but which lias stood as a fundamental 
chemical principle since the time of Lavoisier. The fi t that the weight of 
matter remains constant in ci mi bust inn (proved experimentally by Lavoisier) 
is quite unequivocally stilted by Lucian. 

The oldest known chemical symbols belong to the close of antiquity or 
the beginning of the Middle Ages, 

The manuscript of St* Mark (Venice) r lea ling with the knowledge of the 
Alexandrines identifies the seven metals with the seven planets : the sun 
with gold, the moon with silver. Kronas (Saturn) with lead. Zeus (Jupiter) 
not (as was the erne later) with tin, but with deetrum : this is of course the 
gold-silver alloy of that name and not the similarly named amber. Ares 
(Mars) was assigned to iron, Aphrodite tn bronze (copper), and Hermes t:> 
tin ; not (as later) to mercury. The signs used for these metuls are ohvioiis.lv 
the signs of the planets. The chemical symbol for gold wm a circle with rays, 
which were omitted later. Tins signs for silver, lead, iron and copper are 
approximately' the same us those user I subsequently. The sign for Hermes 
(tin) is the same ns that used later for mercury, while mercury was represented 
by a waning moon and silver by a waxing one. The other symbols bear very 
Si tile resemblance to those used later by the alchemifite. However, the list of 
signs shows that the Alexandrian chemist was aware of the presence o I copper. 
I in. silver, lead K etc., in t he ores and emu pounds of these mctuls ; thus the 
presence of iron in iron oxide is shown by the use of the symbol for metallic 
iron in the sign for iron oxide. In view of the duct tine of transmutation 
(which also existed at that time), this recognition is of the grtaiest importance* 
and gives a direct link between the Alexandrians and present-day chemistry* 

The identification of the metals with the planets is certainly mit due to 
the Alexandrian Qlympiodoros. to whom it is often ascribed, but is undoubtedly 
very much older, and most probably represents a part oF the Babylonian star 
religion. 

An early' mcdifevul manuscript from Syria in the British Museum also 
contains a list of chemical signs, which however show very little agreement 
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with those used later. Almost the only ones to correspond are those for gold, 
silver and iron. The sun represents gold and lire, the moon silver and water, 
Zens Ls air. Ares is iron, Hermes is mercury and Krone® is toad. The table 
shows clearly that in most cases the signs used were in no way invariable. 

The fact that sigik* were used at all is partly due to the secrecy with which 
chemistry Wits surrounded (an important factor in all periods), while they were 
also used as a convenient and rapid method of recording chemical facts. 
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CHEMISTRY IX THE MIDDLE AGES 

The centuries of metal migration did a great deal of harm to human culture, 
including both the theory and practice of chemistry. A number of countries 
which were less affected by the disturbances of migration (particularly 
Byzantium and the Orient) wore harmed by the spread of Mohammedanism, 
with its opposition to culture. However, in the near East and the whole of the 
Orient a considerable portion of the knuwledge and technique of the ancients 
was pn^cr veil, particularly hi Constantinople, Syria. hlgypt and Persia. 
Under a veneer of Mohammedanism the culture of antupiity continued 
triumphantly. There were at first several centuries of wearisome salvage work, 
during which much was irrevocably lost. Then about the thirteenth century 
the stream of development again began to flow smoothly, ami a great new 
movement in the held of chemistry dates from this period. The often re pea lei I 
phrases which depict the Middle Ages as a period of the deepest ignorance 
and impotence can no longer be accepted. If applied in the field of chemistry 
i hcv can definitely be described as falsehoods, since the Middle Ages produced 
discoveries of the very highest importance, which are quite on a level with any 
subsequent chemical dwcoeerie#, and which stand higher than most of them. 
In the last centuries of the Middle Ages chemistry was in Tull flower, both 
technically ns an art or trade and scientifically in its theories and philosophy, 
w hile great explorations had begun to widen its horizon* still further, 

hi the first few centuries of the Middle Ages chemistry was still dependent 
on the work of antiquity. Thus in the Compendium of isidorus of Seville 
(360-6311) there is hardly any chemical information which was not known to 
the Romans. The same is true of Rhabunus Mauruw, the < lernmji Benedictine 
(770-856). The work of the latter does. however, stem that the technical 
chemical arts of the ancient Romans were gradually springing up again in 
Germany, e-g. he gives illustrations of a workshop for glass- blowing and a- 
dye-works. The manufacture of glass in Germany 1 appears to have died out 
completely between the fifth and seventh centuries. 

S3 
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The Carolmgi&n manuscript Ccmpofiitiones wi tlvyauh dates from the 
end of the eighth or the beginning of t he ninth century* hut is probably derived 
from a Creek original Many technical chemical processes are described, 
especially in connection with the manufacture of dyes and dyed materials. 

It describes the tinting of glass, the colouring and gilding of mosaic, the 
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colouring of metals (preparation of alloys j, dyeing oftextiks Hiitl leather the 
preparation of white lead atnl artificial dtinalwr. a# well ns in any other thing* 
The general impression, howewr, is that nothing is described which was not 
known to the ancients. Other manuscripts of uncertain date exist eg the 
B<x>k of Htmdiu* on the arts tif the Romans |i.e. Hit Byzantines). The dyes 
mentioned by tliL« author were nil known to the ancients. He introduces a 
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few new names, c.g. brazil-wood (reel smndaLwoofl). hut this was certainly 
used fL^ a dyr in southern Asia, even in ancient times, 1 

A similar book. Mupjm ctarirvta (key to painting)* is of more interest to 
the pointer than r» t he chemist.* 

The carmine described in this bonk was probably prepared from the 
cochineal insect, and appears not to have been known to the indents (as was 
the kermes dye). 

Sckeduta rlirtrmmw nrHum was written by Theophilm Prenhi/ter. a 
Byzantine monk who migrated to Cologne about nfjO and took the name of 
Rogerus, It is a book on the art of imiutiiig, a rn) describes the knowledge 
and technique of the Byzantines. A list of pigments is given, containing 
dyes from certain berries ( wheat feberriee. cranberries, elderberries), which 
of course, were known from primitive tinier : also carmine and red lacquer, 
probably from the Indian stick dac. 3 

Theophllua work con tarns particularly good direct ion# for making glass. 

1 Kit It plate-gla## and glans vessels. He describes glass- furnaces, glassqmts r 
annealing furnaces. dattetiiug furnaces* tools; the melting, colouring and 
hashing of glass : painting glass and burning in colours (with furnace# for the 
latter) : ornamentation, glass-cutting and glass repairing. The book also 
deals with the preparation of enamels, niello technique, inlaying ansi gold- 
smiths' work. 

As regards pharmaceutical knowledge, the Western world depended 
completely on the lore of antiquity for the lirst few centuries of the Middle 
Ages, For the purpose# of this book we si tall take account only of new drugs 
(not of new applications of obi ones), and from I his point uf view there is little 
to be said about this epoch. As sources we may mention Lucim Apakiu* 
and liis ■- Herbarlus pr (lirst half of the fifth century ) A din* Amt/dentw 
(about 540}, who, as an Asiatic, was particularly acquainted with drugs from 
Asia. e.g. camphor, galangid, zedo&ry, amicardia, mynibalari, cloves, etc. : 
the physician At&r&mler Truttknim (bom 525), who was probably the lirst to 
mention rhubarb (a It hough the plant w as used domestically long before) : 
the physician Pmt&$ Aegtndes (first half of the seventh century) : and finally 
Sunlit SeihoH (eleventh century) who knew nutmeg and hashish, and used 
camphor, ambergris and musk medicinally. These substances must have 
been known long previously in India. Musk had already been mentioned by 
Aret sens and by St. Jerome. 

It is sometimes said that the physician Paulo# Aeginetes (about t>4i>) was 
i he first to introduce mercury and antimony (antimony sulphide) into medicine, 
but this is a matter more of medical than of chemical interest, (Preparation* 
of lead and zinc were used by the ancients. ) 
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We may any that there is mulling new for the diuiuixt in the central 
European prescription books of tire early Middle Ages, e.g. the hook of Bamberg 
or the two of St, (’alien. 

The introduction of important spires and herbs into Germany was valued 
so highly by the Benedictine monasteries that the Carolingiun bnpitulnn ie 
villis (Ludwig the pious) hears the official stamp : this lias, however, only an 
indirect hearing on chemistry. 

The so-called Greek or M 'titan Jir> was an early Byzantine discover v 
{about <oi). due to the technician Kallinikoa frnm Heliopolis in Syria, It 
appears to have been u spontaneously inflammable liquid which by means of 
pumps could be sprayed on to the enemy’s shi]w, It is n fact that bv this 
method the Arab ships were destroyed off Kyzihos in tlie year t>7ti T mid also 
the Russian Beet oil Byzantium in 841. 

The solution is to he found in the term “ Median *' fire, History relates 
that it consisted of a mixture of Median |K-tmieum, sulphur. pitch and salt I?), 
in which finely divided quicklime was suspended. The mixture .ignited cm 
coming into contact with water. Since crude petroleum would hardly have 
ignited, the mixture must have contained a distillate from petroleum, the 
preparation of which would have been jjossible at any period. 'Hie word 
1 suit “ has aroused some speculation, since the presence of ordinary salt 
Would have laren purposeless, it not harmful. Saltpetre cannot be intended, 
■mice according to experts it was not known at that time. The point is worthy 
uf farther consideration. 

We now come to the subject of Arabic chemistry. Of prime importance 
i* the famous fjjaitir. b. Baii/an} who, under the name Oebcr, was considered 
right through the Middle Ages and later (up to the time of Bertbelul) to be 
the founder riot only of Arabic chemistry, but of all truly scientific chemistry 
He was probably a t’ersiari from Khurasan. HLs father a fjjrears to have been 
a druggist and a martyr of the .Shi ite Mohammedanism. His teacher was 
(he famous DjaTar ai-Sadik, who was not however a chemist, it lias now been 
shown that the Latin texts of Western origin under the name of ** Gebcr " 
cannot be at tributed to Djabir, and do uui correspond to any Arabic originals 
The true Djabir texts have meanwhile been discovered in tlie libraries oi 
Cairo and Constantinople. They show that although Djabir was the agency 
by which the knowledge of the Greeks and the Hellenfeed culture of the 
Persian age was conveyed to the Mohammedans, he was not tlie great dis- 
coverer ire was at one time taken for, Only a portion of his works deal with 
chemistry, e.g. the Book of the Seventy, tlie Book of Poisons, and the Brsok 
of Sjiccifie Properties, 

His works contain much which is of chemical interest, in articular 
antidotes for poisons, soporific* and sedatives, cosmetic preparations {e.g, for 
removing hair and for tattooing), pigments, varnishes, inks, artificial precious 
stones, and talismans. These are, however, subjects which for the most part 
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occur (or might Ik- cxpectrd to occur) In late ebemicfd manuscript of the 
Antique age. Tin* l^u in Geber manuscripts do not coni air ] any chemical 
knowledge fur in advance of the undents, except the recognition of ed- 
it mmonlac and .salt si of hartshorn (ammonium carbonate 1 |i . 

From pur knowledge of religions history, the "genuine’' writings <il‘ 
lljabir must la? dated before S6U. liy IKiil Djiibir was considered ft great 
authority by his countrymen. Since Djubir lived in the eighth century, the 

Altarabische Destillier-Einrichtungen 

zup Gewinnung von Rosenwasser*. 



Wasscrda mp Ehcizung 
Kolben eue Glas. 

i 




Dinekte Heiaung 
Kolben glasiert. 

5 



Tjtomhuqit^ 

Gricdicii iL Gtlchricn + 

4 

PLAT K 13 

Ancient .4 raifk fHMiWrfi&H appetmlu* for prrpdrih# mmq wiier. 

L OUa» Ehtak* iu'iitcd by aImpl 

2. c : Uai> I ttalm i ih -ni ti l i u m. i ly . 

If. Tm upjMtRtturi. 

4. A|i]nmHLi:? for yUNmi i list illati^Ei JUrookJ. 

question tx rises as to bow fur various pupils of the Lmiailian sects may have 
united their work and that of their circle, and produced the resulting works 
under the name of Djabir, From the point of view of chemical history this 
\a nut of so much importance us* the question of bow much Djabir (whoever 
he may have been) actually contributed in advancing chemical knowledge 
beyond that of the ancients. As far as can be ascertained, I vis chief claim to 
fame is that lie (like ether Mohammedans of Persian, Syrian, Egyptian and 
Spanish origin) contributed to the salvage of the science of antiquity , 1 
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What we have said of Djabir is true also of the chemical knowledge of 
the “ Arabian " physician# ctmtoinporary with him and following immediately 
after him, most of whom were not Arabian* at all. We may mention Mt&w 
the Elder i Y&hyfi ibn Masavvaih), sup pose* I to have U'en the Me&siah (died 
857); the Persian Rhazee (R azra r Abu Bakr Muhammad b. Zakarlyn. al-RSzi, 
Sf>0-D^3 or *X12) ; S&upian the elder (Janus l>ama*ceuus) (Ynhyn ibn iSarnfyfm) 
in the ninth or tenth century ; and even the great Arieemux nr ffai Shut l Abu 
'AIT a l- Husain Ibn \4bd AJJ&h Ibn Kini, !J80-1G37) 5 a Persian whose Canon 
ifadirhur represents the summit of Mohammedan medical knowledge. 
The new applications of medirims were probably largely duo to the 
new and improved moans of transport, whereby drags could be obtained 
from Southern and Eastern Asia and from Africa Fur the greater part the? 
work of the&e Mohammedan physicians is baaed on the knowledge of antiquity, 
and the work of Avicenna shows dearly the infiiiexiro of Dloskurutes. The 
newly introduced drugs must in all probability have been known much earlier 
in the countries of their origin. Among others we may mention tamarind, 
purging cassia, kamalm sagapenuin, senna, Hurra time. The last three appear 
to have been linst mentioned by Bempion, while the fourteenth-century explorer 
Jim Battuta is supposed to be the Hrst to describe gum benzoin (?), 

Mention must be made of su I -ammoniac. Known to Djabir. it found 
ir ion- extended application in the thirteenth century. It probably came from 
Central Asia and Persia, where it occurred naturally as n product of volcanic 
eruption ; this is stated by al-Dmio&hki. who also mention* the artilu-iul 
production of saFanmioriutc by the Egyptians. The discovery of the distinc- 
tion between potash and soda has been ascribed to the Arabs, but it must in 
some oases have been known to the glass maker- of antiquity. Sugar and 
syrups were widely and extensively used. Combustible spirits of wine (i.e. 
liquids containing a high percentage of alcohol) do not appear to have been 
known lo the Mohammedans, 

Much more important chemical discoveries were at one time attributed to 
Avicenna : this is because a number of chemical writings bearing his name 
wore believed to be genuine, but have subsequently proved to 1 h* later produc- 
tions, mostly fourteenth century or later. The real Chemical Rena ism nee 
began after nil these Mohammedans. 

h began with the dieeijiy rp of milpeire and of the mineral adds. 

Unfortunately the discoverers arc completely unknown. The home of 
the discoverer of saltpetre was probably Central Asia or China, The mbit? ml 
acids, enlptmrir acid and thtric nr id. were most probably discovered in Southern 
Europe (possibly in Italy), hardly before IIW. 1 

We should l>e much nearer a solution of the problem if we knew the author 
of the Laiin Other Mams scripts, which for hundreds of years led students of 
medieval cheanistry on a false trail. The work of Her t helot was the iirst to 
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dear up tlie position. The Hebcr manuscripts date from the beginning of the 
thirteenth century. Kardlv nnv of the internal evidence as to Isis pluce of 
origin points to Southern Europe, and it is possible that lie may have lieen a 
derma il. Philological exjierts might be able to decide whether the Latin used 
by Gcber is that of a southern or a northern European ; this would be a further 
step towards the solution of the enigma. His chief work, Snvima ptsrfeetiom# 
magiaterii. is the moat important in this connect ion. 

What new facta were known to < lobar i Must important is his acquaint- 
once with the adds, a til pit uric arid (obtained by distilling given vitriol ), nitric 
acid and aqua regia. He obtained nitric acid by distilling saltpetre with copper 
sulphate and alum, or saltpetre and copper sulphate alone. Aqua regia was 
made by distilling saltpetre, copper sulphate and sal-ammoniac. 

Further data ore given by other writers of the period, Yitulis de Kurno 
(died 13^7) probably lived somewhat later than Hebei-. but give* some of the 
earliest accounts of acids. His starting materials wore saltpetre and blue 
vitriol. Just as in the case of Gaber, it is impossible to establish whether his 
prescriptions am of earlier origin. A Pseudo- Albert ns prepared aqua regia 
by heating saltpetre with calcined alum and ferrous sulphate, or saltpetre with 
hIiiiii, ferrous sulphate and common salt (from his work Campo&ilum de 
compound). Odom a r in 1 350 also gives su It pot re. ferrous sulphate and common 
salt as starting materials, A Byzantine recipe of the* fourteenth century uses 
saltpetre with Hoeea alum and ferrous sulphate, or saltpetre and copper 
sulphate, 

A detailed description of all these met hods was first given by Bifingueeio in 
the sixteenth century. He uses saltpetre with alum, briekdust or sand, and 
uses a receiver containing water and silver to remove hydrochloric acid. 
(Water must always have been necessary, but is not mentioned previously.) 
If sal-ammoniac was added to the above mixture, aqua regia was obtained. 
Both Biringuceib and before him (Sober used quantities whicti correspond, 
roughly to the stoichiometric ratios. According to Walden the agreement is 
satisfactory. 

There are a number of points of interest in these preparations. When the 
ancients prepared Gtijml mart ft tt tit by beating green vitriol, inmes of sulphur 
trioxide must have been evident. Further (as shown by Walden), the ox peri - 
incuts described above also lead to the formation of potassium sulphate, 
nitrogen peroxide, hydrochloric acid and chlorine. All three substances must 
easily have been observed. (Other substances uiiich were formed but which 
probably escaped detection are nitric oxide, nitrogen and nit rosy l chloride.) 
O tiler phenomena which must have Ixscu noticed are the formation of hydrogen 
by the action of dilute acids oil metals, and the formation of hydrogen sulphide 
by the action of dilute acids on sulphides. 

Gcber knew that aqua regia will dissolve gold, and also the preparation of 
concentrated acetic acid by distilling verdigris or liiiegiir, A number of new 
substances could be prepared by means of acids, e.g, silver nitrate, silver 
sulphite, gold chloride, lead acetate, and the chlorides and sulphates of mercury. 
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Silver chloride must have been known to the ancients, ax they separated gold 
from silver by a cementation process. 

Mention should «jso be made of ammonia, hr] - ammoniac, micro cosmic salt 
(from urine), the preparation of caustic lyes from soda and potash (thus even 
in the time of Charlemagne soup-boiling was an independent trade), liver of 
sulphur, milk of sulphur precipitated by acids, the separation of gold und silver 
from copper, tin and lead by eupellation (a* in antiquity), and the recovery 
of mercury from amalgams by distillation. 

A study of Oeber’a works gives the definite impression that he was a num 
of wide practical experience, and that Ivis writings ure not a mere repetition of 
the work of others, but deal with facts of his own experience. The work oj 
Gelxr demoMtriiUs dearly the incorrect arm of the statement that no experimental 
work was d<m in lh> M iddk Age#. All his writings deal with experiments. W'e 
may go so far as to say that it would he of interest, even to-day, to repeat some 
of the experiments described by Oeber. It is quite possible that new dis- 
coveries might la* made by using methods very different from modern ones. 
It should also be noted that (leber knew that calcined (i.e. oxidised) lead, tin 
and mercury could he reconverted to metal, i.e. reduced. Ho also mentions 
the change of weight in these processes, 1 

Of the notable Western scholars of the thirteenth century whose names are 
known, by far the most important is I tie truly great Albert its Mayan# (1193- 
12f<4, Albert von Bollstadt, Lau ingen). He collected and expounded chemical 
lore, especially in Iris book [it MittrrttUbu#. Although he can hardly be termed 
a chemical discoverer, lie knew a great deal about the subject, and certainly also 
carried out experiments. He knew of the separation of gold and silver by means 
of nitric acid, and found that all metals (iron, copper, lead, tin, mercury, silver) 
except gold would combine with sulphur, 

Albertos tested saltpetre for the presence of potash by adding vinegar and 
observing whether effervescence took place. Saltpetre from dung heaps con- 
sists largely of calduin nitrate and had first to lie “ broken," i.e, the lime was 
precipitated by adding potash solution and then filtered off. 

Such work is obviously evidence of much practical knowledge. The same 
applies to the English Franciscan Roger Baron (121? (!) to 121*4), though he 
was more a physicist and a technician than a chemist. He knew mixtures 
resembling gunpowder. 

Wc thus came to an event of world- wide importance, the dkcovery of gu it- 
powder. 

The recognition or discovery of saltpetre led on the one hand to the 
discovery of nitric acid, and on the other hand to observations of the properties 
of mixture# of saltpetre trtih romtrttsHble ttnbutance#. 


Saltpetre npixars t«> have been first recognised in Chino. Explosives 
containing saltpetre are not however mentioned until the middle of the twelfth 
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century. The first iu*e of mixtures resembling gunpowder to discharge rockets 
for military purposes seems to have been in JltS4. A more detailed !ie count 
dates from 1232, whan incendiary mixtures were propped from bamboo 
canes by charges of powder. 

An Arabic book on fireworks dating from 12nti Kt iM makes mi mention of 
saltpetre. It was first known to tii© Persians (as “Chinese salt ") at the 
beginning of the thirteenth century. The oldest Mohammedan writers to 
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mention saltpetre are Hm AM UsalW* (1203 Lfttfl) and Ibu al-BaitiLr ( l lb7- 
124fi), although they know nothing of its use for military purposes. I lie 
former mentions its tiff in freezing mixtures, and the lidtei it* %o[ih ns it 
medicine. On the other hand. id-Husim al Uamniih (12 m- 1 2tt5) gives saltpetre 
as the lifisis of fireworks. He was acquainted with its preparation from 
potash. He describes the preparation of rockets (Chinese arrows), enmkors. 
squibs, and Bengal tire. He knew of percussive and explosive effects, but he 
describes no ftr&ims. The same h> true of Shams ul-dm Muhammad m l Butt. 

The Fire book of Marcus Gracous (1250) indicates a similar knowledge. 
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mtd the same ie true of Roger Huron ;mri Albertos Magnus, who wrote Enter 
t lull i Mi i mis. 

It appear* t lint the idea of using Saltpetre to discharge stones from u jxrt 
or a mortar lirst occurred afttr 1250. Unfortunately, owing to the lack of 
contemporary wmrecs it cannot be fluted with certainty when and where the 
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discovery wm made. There is a tradition (lirst committed to writing iti the 
fourteenth century) that shoofhiq wa$ i minted in Freiburg [Breisgaa J hy Brother 
Berthatd the Btari\ whose real name waft Constantin Anklitzen. An explosive 
in a mortar is supposed to have suggested the invention. It seems certain that 
the inventor im* is German, and many Diets indicate Freiburg ox tftr xcenr of tkr 
fti&oorrnj* A Breifgau manuscript of the year 1371 states that shouting was 
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generally practised when Freiburg cathedral was completed ( 1 2h(i), and in 
1416 Freiburg manufactured firearms for the larger towns Strassburg and 
liable. Italia n, French and even Byzantine sources describe gunpowder as n 
fieri 1 1 ai i discovery, The oldest recipe extant for making gunpowder dates 
from 1 33d, 

The amount of saltpetre available from manure heaps ami latrines was 
insufficient, and saltpetre plantations hat! to be set up. They were first 
described by the artillerist Conrad Keyser (1368-1405), and flourished chiefly 
in the south of France. Much could be collected from natural sources, find a 
large amount appears to have been imported from India. 

Some centuries after the discovery of saltpetre in China, the same country 
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produced the first porcelain, probably in the seventh century. This involves 
a knowledge of the raw materials and the use of elu trial ion. moulds and 
glazing. Chinese porcelain could not he imitated until the seventeenth 
century in Japan, anil the eighteenth century in the Occident. Chinese 
porcelain first reached Europe in the thirteenth century. The manufacture of 
[lottery also flourished in medieval China and Korea, 

The European ceramie industry produced glazed pottery in Byzantium 
and in the island of Majorca (majolica). Tin glazes and majolica ware were 
produced in Italy ( Fnenza, Siena, V rhino, Castel Durante) in the fourteenth 
century and later, and were sometimes coloured yellow, blue, green or black. 
A glaze rich in tin was used by Lucca dellc Robbia (Florence, 1438), also with 
red and purple t hits. Ruby red glaze was discovered by G . Andreoti in Florence 
(1498). 

The fifteenth century saw the beginnings of the German ceramic industry. 
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which re ached its zenith in the sixteenth century (Cologne. Freehen, Nassau, 
Siegburg) and in the seventeenth century (Krea&*en)< 

The Venetian glass industry has flourished since the thirteenth century. 
Among other types of glass they made filigree > a vent urine and mottled glass. 
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while they used burnt in colours for tinting and gilding. The manufacture 
of gkss in Germany nlso increased during this period. 

Tile manufecture of true Gained yiass [eg. for windows) began in the 
tenth century with copper oxide shading in Tegemsee, RHehns and Limoges. 
The use of silver yellow fur shrined glass has been known since the fourteenth 
century. 
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Mirrors with tin amalgam (including concave and convex mirrors) have 
also been made since the fourteenth century. 

We now come to the hutuiedge of metals in the Middle Ayes. The metal 
Stine was new*, being iirst prepared pure in Persia in the sixteenth century : 
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it was probably known in China earlier tliain in Europe. The metal bismuth 
was first used in Germany in the fifteenth eentury. It appears to have been 
Used by t he early printers as n constituent of type metal, More important 
In this connection is tuitummy, which has been used increasingly since the 
middle of the fifteenth century. Cobalt and nickel ores were certainly known 
in the fourteenth century : there is Venetian glare of this date coloured with 
cobalt. 


FT AIJLU RURAL TtiCil N I^V E IN THE MlDDLK AOFS 

After the upheavals of racial migration, the Roman metal industry in 
western Germany appears to have gradually come into action again. Some of 
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tlie places canoemed were Sleiermark and Kamten i n the eighth century ; 
Fra liken m the ninth century ; the Harz (Guslar) as id Am berg in. the tenth 
century ; Schwarzwald and other districts in the eleventh century : Freiberg, 
Mansfehi Almden, hhegerland* Sab burg, Kamten. Tirol, Sleiermark in the 
twelfth century ; L T pjx-r and Lower Sehleavig and tire Erzgebirge in the 
thirteenth century. The fifteenth century saw the beginning of the famous 
silver milter of Schneeberg ( i 4=7 1 ) and Aiinaberg (14**2). gold mining in the 
Fichtelgebirge and tin mining hi Altenberg. The fifteenth century was tlie 
zenith of the German metallurgical industry. There was copper and silver 
mining in Tirol ; silver, copper and lead mining in the Harz ; mercury mining in 
1 drift { 1497) : and numerous other undertakings which cannot be considered here. 

The extraction of iron also progressed very greatly in the fifteenth century. 
This was partly connected with the use of water-power for producing a blast 
in smelting. In this way the smelting furnaces could be made much larger, 
often up to eight metres. 

It wjls also possible to make crude liquid iron (cast iron) and to convert 
it by means of a refining f urnace into either wrought iron or steel In ^ieger- 
Jund and in Amberg all the direct process furnaces had disappeared by N5lK) p 
bei ng replaced by refining furnaces* 

The production of brass also took place on a very large scale in fifteenth- 
century Germany. The export of brass articles from the Lower Rhine and 
from Nurnberg was greater than that of any other country. Germany was also 
the chief source of bronze even in the fifteenth century. Tinplate was pro- 
duced from the fourteenth century onwards. 

Part of onr information about medieval metallurgy comes from the 
so-called Family Boot of the royal Waldburg-Wolfegg Family ( 1 4*0). This 
contains many excellent metallurgical itliistrations, especially to do with 
copper, many of which are better than the later pictures of Agricola. The 
unknown author was acquainted with the colouring of flames by metals, He 
describes the preparation of caustic potash from potash and lime, the manu- 
facture of alum, the luting of Bosks for preparing nitric add, the testing of 
ores with stibnite, the precipitation of gold by antimony, the preparation of 
saltpetre and gunpowder, and he gives the oldest known picture of a refining 
furnace with an iron cap and bellows. 

In addition to those mentioned in connection with Geber> the following 
substances were known in this period: ammonium carbonate, lead nitrate, 
mercury nitrate, white precipitate, zinc sulphate, potassium acetate, iron 
acetate, ammonium acetate (Gilbert us Anglic us r end of the thirteenth century h 
zinc acetate (Geber). Among minerals of interest, fluorspar was known. 
Giacomo de Dnndis (1298) describes the prmhutum of salts from mineral 
waters. 

Organic Sr instances 

Among organic substances, rombuxtiUr spirit# of wine was the most 
important. The preparation of spirits containing a high |>e rentage of alcohol 
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vim closely connected with the perfection of distillation apparatus ; in parti- 
cular* spirits could only be profitably made if water cooling was used. Cooling 
the delivery tube by means of a cooling jacket is shown in an apparatus of 
Job. Wened tie veteri Ctatro, who prepared spirits from beer. However, 
thin apparatus date.4 tram the year 142n, when spirits of wine had been known 
for a long time. (We have stated above that spirits of wine were known to 
Klutzes. He may. however, have been dealing with an alcoholic fermentation 
product of sugar.) They were probably discovered in Italy in the eleventh 
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century. Vitalin de Fumo know spirits of wine, and n distillation apparatus 
Is described by Ttiaridfnui Aldemtti (1223—1:103), Amald of ViJ Umova 
(thirteenth century) know similar liquids f distilled wine, acquit di vita or 
Acqua vite). h is obvious that the discovery of spirits would follow almost 
automatically from the discovery of an efficient still. 

Of the rotouring mailers of the Middle Ayes we may mention Dutch pink, 
gamboge, catechu, my to ba lan (the fruits of various species of Terminalia), 
carmine, red lac. litmus, red sandalwood, vaecinium Itcnies. saw-wort, oak 
bark. It ls, however, probable that most (if not all) of those had already iwen 
used by the ancients. 
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With the introduction of good distilling apparatus it became possible to 
prepare the ethereal oils from herb* by steam-distillation. Tills took place in 
the Mohammedan Orient and also in Southern Europe. A large number of 
such oils were known by the end of the fifteenth century, among which were 
probably the essential oils of the following : rose, violet, jasmine, water lily* 
gillyflower, orange blossom, spike, lavender, rosemary, rue, hyssop, mint, 
pennyroyal, savory, thyme, marjoram, origanum, camomile, tansy, juniper 
(ivood and berries), cade, savin, birch, peppermint, spearmint, wormwood. 
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sage. box. rosewood, aniseed, caraway, fennel, dill, coriander, black caraway. 
parslrv. calamus, valerian, angelica, cinnamon, dove. mace, nutmeg, cardamom, 
bay, pepper, inloiirv, orange peel and lemon peel. Camphor was also men- 
tioned. Besides the essential oils, the process of steam -.list illation produced 
scented water, which was also used. 

The best inform at inn as to the inedirin^ of the Mohammedan civilisation 
is provided by the work of the Persian AlKervi (Abu Mansur Mnwaffaq ben 
Ali al Harawi) in the tenth century. He mentions about five hundred remedies, 
mostly vegetable but some of animal origin. It is impossible to enunierate 
them here Avicenna's writings mention a similar number of medicines. 
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(late described by Avicenna conaUts of fifty-seven ingredients, and his 
theme of sixty-three* There is also a list of remedies purporting to he due to 
one Semplon the younger. This is. however, almost certainly not the case* 
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Most of these were known to I >ioeku rifles and Lailetuis, hut there are some 
additions, particularly of drugs from Persia , India and China. The mitkri* 
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and they probably represent a Spanish work of the twelfth or thirteenth 
eent ur v. 

The best of the Mohammedan pharmacists was probably I hn al-Baitiir from 
Spam (Abu Muhammad 4 Abd Allah h, Ahmad Diva ' al-Dfn I bn iiMhiitar a 3 
Malakl), died 124®* This work is entitled A Summary of the Proprrfkrt of 
wdl^rn&wn Simple Medicine* ttnd Foods + and depends to a great extent on 
first-hand knowledge rather than book learning. He mentions about fourteen 
hundred drugs, including about two hundred vegetable preparations not 
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previously reported. It is not certain how far he may have taken some of his 
material from the Spanish dorter Ahmed al Gbafkp. 1 

A c Lirious ease is that of rho so-called M r*ro the younger. It is probable 
that no such person ever existed, and that his name conceals one or more 
twelfth-century Italian doctors from Bologna or Padua, flic Attfidotarinm 
and two other writings hearing his name were of considerable importance up 
to ieoo T 

A review of medical knowledge in mediaeval Europe is provided in the 
following works by Italian authors: Pmclicti Brevi* by Johannw Piatearim 
(ca, 1050), the Anixdolarivm by Xkdans Propositus {ca. I UG). 2 and De 

i Tlues# doctors kntfw various form* for adniin ihi criny dni^, **,g. p\\\#, pfirtilh** Wldiod 
dnip< and medicinal isyillpi>. 

~ Accorrting toSudhotr. this work ih on a Id it WU n't 1 *. 
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SimjAiri Mrdiariu or Circa intfmta by Mattfmu# Ftaleariw (about 1140)* 
The Ao-called A/pkitu. purporting to be the work of one Maroncio (thirteenth 
century), contains a list of no fewer than hundred and forty- five drugs* 
which we cannot reproduce here* It gives a general survey of the medicines 
(simplidw) of the Middle Ages. 

Tfo Jirst rml pharrnxxa^ma in the modem sense (Le + distingnishing 
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between the functions <>r the pharmacist and those of the doctor) is the f W 
pendinm aromatariomm of Saladin o/.Wi. written about 1450. 

The Ricetlario Fiarentina is the first official pharmacopeia, introduced in 
Florence in >498. It served us a model for the Inter Ugnftan pharmacopoeia*. 
The second official pharmacopoeia appeared in Spain in loH.T. 

These h<»h» naturally do not contain any new chemical discoveries, but 
they contain a great deal of chemical information 

ItL connection with these pharmacopoeias it is convenient to consider 
licre some of the phurmatettlUal „W chnnieal expression* which were used in 
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books of t ho Middle Ages and of succeeding centuries, hi some ease# right up 
to the present, day. Many of them are of totu&erciAJe c/icwnYo/ II is 

not important in thi.^ connection that Home forms and expressions did not 
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fLpjtear until the sixteenth century and that there are variations in their use 
at different times. It would be difficult to establish tills with certainty. 

Aqttft de&tiilatm are distillates from drugs covered with water, If wine was 
used in place of water. Spirit us was obtained ; if only one drug was used it was 


termed Spirits simplex, while the distillate from several drugs was Spirits 
compomtm. 

Etfrorta iuv, extracts of drugs with water or wine, while Infurimes and 
Ifrcocht were infusions and decoctions with water. 

Extract# made with spirits were also called tincture#, 

e extracts of drugs with, vinegar, and distillations with vinegar 

11 L Lb Ik IP 1 J tillOWIl., 
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Svttitianr# referred almost exclusively to .solutions of inorganic substances 
in vinegar or other acid#. 

Elixirs are spirituous extracts with the addition of sugar or syrup. If 
ethereal oils were also added, they were termed Essentia. 

Sale* sol uhihs arc salts 
prepared by evaporating 
down solutions, and arc 
hence chiefly inorganic. 

Sates rniatilfs are sub- 
limates uhtaineU by dry 
distillation. 

Stilts v&jttabikx (|ier 
incinerationem] are salts 
obtained by in c i nc rat i i ig 
plants, extracting the ashes 
and crystallising., 

St ih'# r ttfial ex are 

salts crystallised from 
expressed plant juices. 

Sued liquid* are ex- 
pressed plant juices. 

Sued i nsp is&ti t arc the 

same juices concentrated 
by evaporation. 

Jtob are concentrated 
expressed fruit juices. 

Spirt l us per rttorfn m 
f licit i and Oka per rr tort am 
or /«r descensum are li^md* 
obtained by dry db 
tiuii (destructive distinc- 
tion). 

Oka ex mineral ibm aie 
inorganic substances of an 
oily nature prepared by 
Del iq ui u m (deltq ucscen cc} n 
solution or distillation (c.g. 
oil Of vitriol)* 

May Merit* are pre- 
cipitates from solutions of 

inorganic substances (metallic salts* minerals) or resins, 

Olea dfstitlaUi aroma lira was the term used fur ethereal nils* 
lifikams arc fata containing one or mure ethereal dlls. 

Ekrosacehara are sugars containing et boreal uils P 
Syrup# arc sugar solutions w ith juices or infusions. 
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Juleps are syrups made up with Aquia desfilfotL*. 

Md is honey containing drugs, 

Oxjfmd is honey and vinegar with drugs. 

Qxymccham Here made by extracting vegetable matter with vinegar or 
other add and thickening with sugar. 

Pulptv are fruit pulps boiled with or without sugar. The one prepared 
from qui ruses was tidied liimitimmm. 

Pot f is are spited and sweetened wines. 

There were also t he Confeciumes, e,g. Etedwarw and Lohock, i.e. jam like 
syrups containing drugs ; Vomenm (Pul veres or Species rum sacehjiro) ; solid 
medicines, such as Mor&uli (rectangular), TabuUr (square), Jtotundm (spherical), 
Trochi&ci (lozenge-shaped), and Candita (candied fruits). 

Finally, there were also Filtnhe (pills), Emplcwtm {plnstere), Ceroki (pow- 
dered drugs with wax or fat }. (ointments ) T Cataptasmoia ( l-( > mp reuses ), 

etc, 

It must not be forgotten that two of the mo$f important human frrvt* m*je$ 
go right back tu tile Middle Ages. Ooffet came to Arabia from Abyssinia at 
the beginning of the fifteenth century, but did not reach Europe until the 
seventeenth century* 

Tea was known in China in the fourth century and was in general 
use after the seventh century* It reached Europe {as a drug) in Hilo. 

The freer of the Middle Ages w as made w ith hops as a flavouring. I t is not 
dear which nation was the first to use hops, and all statements which I save 
Ijeen made cm the subject are speculations without any foundation, It is, 
however, a fact that King Pipin had a hop garden, and such gardens existed in 
Freising in the ninth century. 

The monasteries of the early Middle Ages appear to have brewed their bear 
mure from oats than from barley. We do not know what the first of these 
tasted like. 

The best mediaeval beer seems to have been, brewed in northern ( Sermanv, 
jMLiticularly in lower Saxony (Kin beck), Strong beers (sometimes spiced) wero 
also known ( Biaunschw eiger Mu mine, and beer from wheat was in wo 

in the later Middle Ages. 


Ch EM tCAL APPLUlNC ES 

The apparatus of the Middle Ages descended directly from that of 
antiquity* Distillation was usually carried out in apparatus with st ill-heads 
(alembics), Arabic pictures show whole galleries of retorts, e,g. for distilling 
attar of roses. 

Khazes (Razes) knew large and small furnaces, crudbles for fusion* flasks, 
sti.]]- heads, apparatus for distillation per descetmm. receivers, closed flasks for 
digestion, aludek (singly and in series) for sublimation, phials, heakens mortar^ 
bfcUows t water-baths and ash-- bat I is. this, however, hardlv represents any 
advance on the apparatus of the Alexandrians. 
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TJie Latin Giber knew fusion, crystallisation. heating in ash-batbg, &md- 
batlis and dung-betth* ; fdudels fur sublimation, filtration (through bags), 
Desli&afa} perjUtnan (he,. the u^e of piece* of fabric to siphon of! liquid* thun; 
purifying it), digestion vessels, vessel* for calcining metals, DixtUlaiio per 
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cRsscensttfl*, and distillation vessels (alembics) of glass and earthenware. 

His manuscripts are sometimes accompanied by illustrations, in which 
we can recognise alembics on furnaces, sublimation vessels (aludels with a 
testing rod), vessels for distillation ptr de$cen*um, arrangements for decanta- 
tion, calcining vessels with spatula?* calcining furnaces, apparatus for mercury 
calcination, digestion apparatus with sand- and ash-baths. 
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]rh ixiJcnvoftnl at the top. 

The si lust rat fon# added to the later printed editions of teller express the 
spirit of the sixteenth century. 
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Drawings in another I'arb manuscript from about I3un show similar arrange- 
ments ■ sublimation apparatus for sai iniimoniac. mercury COn i]X.Hmdfl jiurl 
arsenic: apparatus for distillation •per tlentcentmw ; alembics ; solution vessels 
in water- bat I is. 

'The introduction of a ihlitertf tube coded by u water jacket was certainly 
the most important advance in chemical apparatus. It probably belongs to the 
fourteenth century. 

An apparatus described by AJbini de Menu* Calcrio in the fourteenth 
century shows an arrangement for fractionating the distillate | without water 
cooling). 

A mediaeval Italian multiple distillation apparatus is fitted with large 
st ill- heads. 

Hieronymus Bnmsobwyk (Bninsvig, Brumwhwygk} in Ids distillation 
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liook of I5ft0 shows a tall cooling column, serving two distillation apparatuses, 
from which the cooling water could be emptied. This arrangement does not 
occur anywhere due, and is probably only an ingenious suggestion. 

The J/oorV II md " cooling arrangetnent and the digestion vessels called 

pelican* probably both belong to the fifteenth century, as they are dweribed 
by Bruns chwyk, He was not, however, their inventor, hut merely gave an 
account of them. The alchemist in .Sebastian Brand’s " Ship of Pools ” 
(14ti4) used retorts of the modem shape. 

Continuously burning furnaces with a tower for filling in fuel were used a 
great deal in the sixteenth century and probably also in the fifteenth [of 
Bmnachwyk, 1500). 

A picture of an alchemist’s laboratory in the fifteenth centurv shows many 
of the small appliance# used in a metallurgical laboratory, eg. smelting 
furnaces with bellows and poker, crucibles of all sizes, crucible tongs, cupels, 
anvil anil hammer, files, pliers, spatui*, measures, gravers, chisels, gimlets! 
tool* of all kinds, glass flasks, still-heads, a]] used in metallurgical Operations. 
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A text -book devoted directly to the distUktton of spirits was first prepared 
by Michael Puff [of Schriek) in the year 1474, 

I he mortars tused in media; vu l times anil by t he ancients were made of 
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granite , sandstone, marble. serpentine, agate. bronze, brass, in m, earthenware 
and wood. Porcelain mortars were first made in the eighteenth century. 


Theoretical Ideas 

Mediaeval chemists, e.g. Ceberv turned the existence of two elements 
besides 1 1 mse of Aristotle, namely : 

Sulphur, the principle of combustion. 

Mercnrtfy the principle of volatility and metallic character. Later there 
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wm alsu t Ilc idea of a tire-resisting and buimihujitibic? (but soluble) principle 
termed ml or earth. 

It is clear that this point of view regards the metals m being composite* 
Since meet of them can he burnt fcalehied), they must contain the element 
sulphur, while their metallic character is attributed to the element mercury. 
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Jlie volatility of the metals (e g. mercury, due, antimony, arsenic) wan also 
known. 

It is not . however, altogether correct to describe the Middle Ages os the 
alchemist*- age of chemistry, since these ideas flourished much more in the 
succeeding age. Tin? aleheruistie standpoint is not characteristic of the 
Middle Ages, which might letter he described as a mhurat acid and saltpetre a<je, 
rhe concept of elements held by the chemists of this period in bv no in eat is 
as absurd c* is often supposed. Thus the *[wcial eharactemtics of metals 
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imist, ill tact, have a common cause, which is present in nil metals and may l>e 
given the mime of mercury. 

The concept of the element sulphur is the same ns the Inter, more lucid 
phlogiston theory. This theory was held by such unusually wise men ns 
Sdieele and Cavendish, It is certainly not very absurd, and it" served a useful 
purpose in its time. It is quite unreasonable to despise the essentially practical 
medieval chemists on account of their theoretical ideas. 
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Viffn&ii&JrfttM th* 0 / fimjij/iuoio, 15JU. 

i I Ji r- 1 L3 lilt ion wi'ili al^nihj^ ami *rill Ili-umI*.) 

THE SIXTEENTH CENTURY AND THE F I R ST HALF OF 
THE SEVENTEENTH CENTURY 

'This period is not characterised liy any grout developments in chemistry* 
It was occupied chiefly with extending the improvements of the Middle Ages, 
t hough there were aome discoveries of new preparations and appliances, and 
progress was made in reaching a better understanding of the processes taking 
place. This is in particular true of metallurgy. 

This age has often been characterised as the age of iatm-cheniist-rv, but 
this is by no means justified. The basts for such a characterisation is to be 
found in the work of the doctor TAenphm3tus Bombast mu Hohenkeim, otherwise 
known as Parocdtatf, 1493-134-1. Like other doctors of his time* 
Hohenheini had considerable knowledge of chemical matters. Between 1510 
and 1530 he worked in the laboratory of the important fjchwazer mines (Tirol). 
He transferred the chemical ideas thus acquired to the functions of the human 
body, though (as we should express it today) in a vitalistic and not a materia- 
listic sense. It was no part of Hohenheim’a ideas to explain vital processes as 
purely chemical in nature. If the term " intro -chemical ” age is to lie used 
at all. it actually applies beat to the second half of the nineteenth centurv. 
The introduction of minerals and chemicals into medicine began long before 
the time of Hohcnhcinn Thus Roger Bacon w rote quite clearly of the medical 
problems of chemistry. The extended use of chemicals in, medicine developed 
very slowly, in spite of the activity of Paracelsus. Very little was known of 
pure organic substances (w hich are best adapted to the human organism), and 
the attempt to extend the use of inorganic preparations from external to 
internal application met with little success. Probably not more than a dozen 
of the inorganic substances know n tut that time are used internally in medicine 
to-day. It will easily Ite understood that the experts of those days opposed 
iutro-diemistry, in spite of the efforts of Paracelsus, 
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Huhcnheiin is anppDsed to have used the following preparation* medicin- 
ally : gold chloride. silver nitrate, the nitrates and chlorides of iron, copper t 
tin and lead ; stannic add, mercuric chloride, mercuric ammonium chloride 

EFFIGIES PHILIPPI 

THEOPHRASTI AB HO 

HEN HE I M jE TATIS SU£. XLVIL 



PH I LI P PUS 

THEOPHRASTUS 

BOMBAST 
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Tub. StimiWf : it Lfl l bus u mtirtir intake of the well- known skul^'h by Aoj^stm H irswh Vojzel . 


(alembrothh basic mercurous sulphate (Turpelhurn minerale), the sulphates 
of iron and copper, various antimony preparations such os the trichloride and 
oxychloride (algaroth), arsenic acid, colloidal gold and silver. 

These preparations were not discovered by HohcnhcUn T but were available 
owing to the flourishing metallurgical technique of the period. It may be 
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noted that lie used Pliny's test (with tincture of gnthnut*) for detecting iron 
in mineral waters. 

To confirm the statement that the sixteenth century wa$ not aetuaUj a 
peril m I of ijitro-idienvistrv. the following fin is may be quoted. If we examine 
the phartnaiXipcnias of the sixteenth cent ary, e.g r the excellent Cologne 
pharmacopoeia of 1303, we Hml altogether only about two dozen inorganic 
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remedies. Similarly, the inventory of the chemists shop at Udberg (1669) 
contains about twenty-eight chemical remedies, and it should be remembered 
that th L b is ii true inventory of products in actual use, unlike the older phnrmu- 
copuriaa. In face of such facts, it is misleading to s|KMik of an iatro-ohetnical 
age. and it can only be assumed that earlier writers on the history of chemistry 
were not sufficiently acquainted with pharmacology, If it is wished to have ’a 
name to describe this period, it would bo more correct to describe the fifteenth 
awl si ijieuith ceit/wm* together as a mtolhtrgkal chemical period . From a 

ehmirat paint of view the true greatness of the period lies in this direction. 
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ami not in the work of Paracelsus. The attempt to magnify the chemical 
achievements of Paracelsus appears again in Lieben's Hixi&ry of PhgAivtogkai 
ChrjiuMrtj. where he is described as the father of physin logical chemiatry/' 
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Mtmuju€i\tre of wit pit ft : tnianM Erckrr, 157-1. 
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t ] ih’ lii 1 u iidlwled. E SnuilE vnN, from which the I VC mm- into I hr boiler, V Thu fumftoe, 

G The boiler. H Iron door for fiiriEing with wood. J Tl» Hue- K The uliflpc of the furnace 
L Inm grating. 

This is also misieadwtg. as the name is much more deservedly applied to the 
great physicians of antiquity. 

The iatrot heimets of modem times have attempted to claim this great 
eccentric as one of themselves, hut this is unjustifiable, as he was no materialist. 

Hfetathtrgical cht miftrtf is described in a large number of writings. I here 
is a series of small books on mining, testing ami metalwork. A hook of tests 
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from 151 S is a summary of the analytical chemistry or the period. It describes 
the testing of gold and silver by means of touc h needles, n method which 
Occurs from ancient times right up to the present day. There were sixteen 
needles. tor silver (1-16 loths) alloyed ivith copftcr, twenty- four neetUes for gold 
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(]-24 carats) also alloyed with copper, tile black touchstone {date or basalt) 
mui nitric acid for testing gold. There were also analytical weight* for gold 
{mark, 24 carats, 12 grains) anil for silver (mark, 12 laths), 

11 S iv ^ alitu th e testing of gold and silver by heating with lead, cupollation 
{pmet ised in antiquity), appliances, such as assay furnaces, muffles, cupels of 
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usl 1 Mr Lone-ash* Other processes m^iUion^l are fusion of sample* with iron 
filing ami salt, nhich removes sulphur from ores obtaining sulphur or arsenic ; 
the sejwatkm of gold arid silver by means of st ihnite (silver sulphide forms a 
liquid slag with antimony sulphide leaving gold antimoiude, from which the 
latter cun be removed by burning to oxide) ; the separation of gold arid silver 
by means of nitric add ; the separation of gold and copper by heating with 
sulphur and saltpetre (the sulphur being enclosed in wax to prevent it from 
burning too soon) i the recovery of silver from its solution in uitrio acid by 



means of sail, the 
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alkalies, t he preparation of sal-ammoniac, etc. 
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considered further. We find the smelting of gold, silver, copper, lead, tin and 
iron om. ; [ire -Treatment of the ore. shaft and reverberatory furnaces ; with 
apodal detail the extraction of silver from its ores, the extraction of silver and 
gold from copper, silver refining, description of cupels, the n? -conversion of 
oxidised lead into the metal and the extraction of any silver still present in it ; 
the conversion of copper matte into copper, the production of s tech stud the 
production of brass from calamine or tutty, Biriiigucciu describes s lie | ^4 m Iulj- 
tirm of mercury in tike old earthenware sublimation pots, and also in the newer 
conical distilling vessels with delivery tul>cs. lie also describes the use of the 
latter apparatus for obtaining sulphur, and the production of roll sulphur. He 
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treats atibnite, pyrites, angle.' ire. alunite, alum. orpiment. realgar, and the 
relation of the last two to white arsenic. 

There follows the technology uf reek salt and sea salt, mineral and 
vegetable soda, and the production of saltpetre and sahanusoniae (the latter 
also from urine). 

One chapter desmbes zaffre (cobalt ore) and the production of smalt by 
heating il with tjuartz, 8m a It was used for colouring glass and gotten- blue. 
Biringuccio knew pyrolnsite anil its use for decolorising greenish or yellowish 
glass, and also Tor producing purple colours in glass and pottery. He refers to 
magnetite, ochre, bole, emery, borax and sal-ammoniac. He appears not to 
have distinguished properly between the last two, an error in which he was 
follow'd! by Agricolu. Other substances mentioned are lapis lazuli, a?, o rite, 
malachite, rock crystal and precious stones, 

There is a valuable account of glass, glass furnaces and glass manufacture 
in general, staining and decoration of glass, and glazing of pottery. 


SIXTEENTH AND 'FIRST HALF OF SEVENTEENTH CENTURY trA 

The soot ion on the analysis of one® is especially important from a chemical 
point of situ. Biri^guctio states quite rightly that the testing of ores us 
equivalent tti carrying out the smelting- process on n small scale, using an 
analytical balance. This is a very sound statement, and it is to he wished that 
our chemical students were taught methods of this kind at an early stage ; 
t his would give them a better introduction to industrial work than the 
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analytical method** commonly used at present, which bear no relation to actual 
smelting processes* Analysis for gold and silver had (according to Riringuccin) 
to be especially accurate. He recommends that samples of ore m pure as 
possible should first be fused alone. If this wa^ not found possible, additions 
were made, e.g, marble, glass. Iead h hammer scale, borax, saltpetre, etc. The 
sample was next treated with mercury and then with lead* followed by MipdUk- 
tion in a cupel made of bone or horn ash. The sample of metal obtained was 
weighed. The moat sensitive balances were even then kept in a protecting case 
(first picture in the Augsburg booklet on analysis i MIG) ; abo in the works of 
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Agrieola and Eroker). The balance* could l*e cbmiped and released by mams of 
a lever. 

An important process for the analyst is the separation of gold and silver 
on ft small scale by means of nitric acid in a (task- Biriiigueeio describes how 
to recover the silver from solution. 

Hie separation of gold and silver on a large scale necessitates the nianu- 


n/ xtttpkurffim pyritrx hy qfitfr/taffert, 

Ururg Agrictf Ui 1 I 41* 4 t 55ft), 

A Dkiilimp v»w]. H Rm^vflr, C Lid, Situt ruktivc i»ii||j)nir iftn-n not atvur jn 
it w» jtft’paml hy hi j fttinc iron pyrins*. 

facture of nitric acid. Bituiguccia describes the construction of a furnace for 
nitric acid manufacture, distilling dusks (which must !>e luted) , dishes for 
ash- or sand-baths, and the recovery of silver from the solution. He gives good 
hints which reveal him os a true practical expert. 

He also describes the reparation of gold and silver by means of sulphur 
(also known to the ancients, eg, Tlieophilus), and the separation using 
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antimony first described in the House Ifrx)k\ Finally he ^ive^ the liepan^tim by 
cementation w ith salt, on a sum 1 1 hcaIi? in an assay furnace and on a large weak- 
in n blast furnace. Among the alloys mentioned by Biringnecio ate those of 



PLATE 49 

Mtmufnrtrm rtf nitrir wut . LasafK* fnAer* 1574. 

Aikuitsr wish i I llb i i|j k-fs nrtl thnw siJ^ dt4TO*- lilrtrtMW with «eVplttl ult'irlbic*- 

SiaiaLl fLirmn-r with tow^r tmr (Wiling ihd double mi s m«r. Rftttrt fiiraiw isi tw Ht niaw 
pwnt?r. 

gold w ith silver and copper, silver with copper. topper w ith tin, and lead with 
tin. [The sections on casting are not of interest here.) 

All account is also given of the removal of gold from gilded objects by hot 
mercury, from which the gold could lie recovered after pressing through a 
leather hag. Also the solution of gold in aqua reqia, and the recovery of gold trn 
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a large scale from sludges am) slags by amitlgftnialion with mercury in no 
amalgamation mill, followed by recovery of the mercury by distillation. 

Other chapters describe pottery, (he manufacture of crucibles and dishes, 
ceramic glazes from tin and lead, lime burning, brick making, and finally 
pyrotechnics, including the production of saltpetre, gunpowder and fireworks, 
('flic section on guns is not of interest here.) 

Bhringiiceio s work has been dealt with in wune detail so as to give the 
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reader a true idea of the chemical technology of lh, sixteenth century, and to 
remove the widespread impression that technical chemistry is a subject of 
recent growth. It will also serve to show that it is this subject which is truly 
characteristic of the century, and not the exaggerated use of a few chemical 
remedies for internal administration. 

The Herman counterpart to Biringuccio’s work is that of the Saxon 
philologist and physician, Georrj Batter, also known ns AynctJn. who out of love 
for the subject also became an important expert on mining anil smelting, 
Agricola was familiar with antiquity, and probably for that very reason was no 



SIXTEENTH AM) FIRST HALF OF SEVENTEENTH t'EXTi " UY 57 


stranger to the present. Even up in the present day there is in the Herman 
tongue no genera E hook on mining and smelting which can in any way compare 
with Agrieok's fur general grasp and depiction of the subject. 

Agricola studied philosophy. medicine and science in Fad ua and Bologna, 
where he obtained a doctor s degree. It is of interest that he acted as a proof- 
reader in the fa mourn printing works uf Aldus Mann tills in Venice* He settled 
down ns a doctor in Juachim&t&L which was right in the centre of new mining 
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(iisccw cries, and might almost be compared with Cnlifonda in the nineteenth 
century. Joachimstal wa& founded in la Hi, and as early as 1520 was declared 
a free city ( Marion berg 1321. < iottesgah 1332). 1 

The mining town of Freiberg then had thirty thousand inhabitants, l For 
comparison it may he noted that Cologne* then the largest town in (term any, 

L Sen to %Uiv* m iiy l * 1 gjvon e ■■ i illLHtnifr l lit* flourM-Liny xtafe of the- C^riumi nH'Inhuryuill 
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JiliJ cojafii-F. Rfunni^iabidK -mail Anilnnknfcrtg in Harz wtn: ml I licit ftflith. iole! iW Mar-nf+kl 
ropfu’r works iHrtwcitif^l twenty to thirty tliuuicaail himdredwdght of copper err oJitiUiru J«nclUr*t- 
anti J^roduml in iu»i ymr f 1.72:3] mark* of silver. The works in Alpine dhtrirts (Kslkon- 

*rein h KiubiilioL IttortnL Brm«Ul, Ilautom* Riiurtnj Wife rU» nt the 3i-mkit of lla^ir i>Mpcriiy. 
hJria procliiR'oil fLnnuullv thran.' to six iiundrfM:liTO[j^hE of tiN'ti'wry, lo:tl! and; LpCS+I 

Tui nnul I x pitnlured two humlml rt-nd rltown thousand irtiiKlradw right nf tend* iin wrll n- hkrjjL- 
qmmiiOr* of zinci Jind tFn? [in unices h i-E Mnxnny during thr j*-rnwJ t. p *77 l. p i!?U- pti*hu*Tl f fl h>* 
tikRlk Utlmty-^ii: t hciL-ytfkd hundred wri.pl I [ of tin* 
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AS 

had thitty-geven thousand, Frankfurt ten thousand. mid Annatterg IwHat 
thousand) In 1525 the annual melallurgk'iil production in Oenimny was 
worth two million gold gulden, anti more Mum n hum) red thousand men were 
employed. 

Agritolu lived in i he midst of all this activity and was thus aide to report a 



PLATE 32 

3 5«t i ni 1540 lit H-nlfr ; Ifllli ui Krjhmx. 

Enp«% by Femutafp portrait eoHwtiDn of tlu- Xatkttial Ltbwfj id Yirfina. 

One of the ro«rt fippcirtAni figure of i hi- P^npUttant« jM'riod m Andimif LbSwiLi (La tie farm, 
Lil^viufl) b>rfk ftl H»Mr\ Hi itiiditd UR'dicim* (md cbt-muiry in his horik£- i-ity, bind Lftlrf 
himtory arid lutguagH nt X mt, Ho a Khoott^duhcr at Bin tteoburg, mid finli.ll v dimlm 
i>f the Htrhcwjl lit Kobirrv- Jb 1 nlTigttl oxer thp ^hoto lie|d of chi'mistry, in thuurv. appuimufrt 
tn^. bnolocy, end al-riicmy. Hk iddef work 11 Alrliyniia ‘ n\<\ *-ntw | tirRl iu Kmnkfurr 

in JfiEKi, find ftfinin in i^.H, l&UC und lfH:i. A* an mxi-WIitU work on iWacimc r of irhornktiy 
it* inilurjiiL t 1 t'Xlcni^.1 for ^-vi-kiE ivntnrim. 

great deal of the knowledge which the practical workers were unable or un- 
willing to commit to writing. 

It is dear from his excellent descriptions of minerals that lie w m familiar 
with a large proportion of the important mmerubt occurring in Germany, in 
pa r titular ores of sit ver and co p per , H i k \\t srk Ik min m f&mliu m is a ha nd hook 
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<>f iiiiiipralngy. Ih rt mvtallica describes the extraction of gold, silver, copper, 
lead, iron, step!, mercury. antimony, bismuth, cobalt and tungsten. 
He also deals with salt, soda, saltpetre, alum, ferrous sulphate, sulphur, 
arsenic* mineral pigments and bitumen. In general life knowledge is 
squill to that of Riringuceio (whom he knew), e.g. in dealing with nitric acid. 
In many cases he gives more detailed information than Birbiguecio. e.g. about 
the estimation of copper and lead. He also describes tests for tin, mercury and 
iron. It appears that Agricola was the lirst to mention potassium silicate. 

Agricola seems to have been a sincere and capable man of great energy 
(lie was an expert in three different nceujmiious) and strong character. His 
hook remained the gospel of mining and smelting hi Germany for two centuries. 

A lev. other individuals from this period must also l>e mentioned. Agricola x 
learned successor was the royal director of mines iu Bohemia. Lazarus Errkef 
who in J.T74 published a compendium of metallurgical and analytical chemistry 
which was of importance for the next hundred and fifty years. The hook is 
provided with magnificent pictures which illustrate i he text clearly. Special 
mention may bo made of ihe excellent laboratory pictures id the preparation 
of acids and the production of saltpetre. His descriptions indicate that the 
author had in many respects brought the subject to a state of greater clarity 
than had his predecessors. From a purely chemical point of view he advanced 
considerably beyond Biringuccin and Agricola. 

The A Ichymia of Antlr&m Libaeim [Laban) (died 1ft 16) gives a summary 
of a great deal of chemical knowledge. Together with its supplementary 
writings it represents the first real mf£ftuitKtnul text h(X)k\ a fact which 

is worthy of note. Libaviua had full command over the theoretical side of his 
material* but he mrnt also have known something about the practical side of 
the subject. This is shown by his designs for a complete chemical institute, 
which all hough never executed are so excellent that they could only have been 
produced by a man of practical experience* Few later chemical institutes will 
bear comparison with these plate. They include a main laboratory, an 
analytical laboratory and a private laboratory for the director. Further, there 
was a chemical store, a preparation room with benches and fittings, a crystallis- 
ing room with vais, storerooms, cellars, n w ine cellar, a wood (store and a room 
for the assistants. The laboratory had water laid on mid charcoal stoves, also 
bathroom and steam bath. Among the larger installations were ihc following : 
large furnace,, furnace with sand- or ash^bashs, water- hatha, distillation with 
and without cooling arrangements, distillation per rfwreteuwi T sublimation* 
reverberatory furnace, large bellows, distillation per hitinin# li.e. purificat ion 
by a scric# of fabric strips acting as siphons), dung baths. In the analytical 
room we sec assay fu mates, and in the private laboratory the philosophical 
furnace, which (like all the other contrivances) is i l hist rated elsewhere in hb 
works. Outride the building there ia a large pcmd t and plots for making 
saltpetre. ferrous sulphate and alum. The upper storey contains Living quarters, 
study rooms and library. 

The following advances in practical chemistry arc attributed to Libam 






PLATE SSI 

Tt\r rAriHiHl/ institute toj MIxin, JiMlK 

Tint iuflt-hutD i-fiiitHiHiif a tun in lab itm inty- witii fumiumi fur ufiter-bftlh^ uah -bathe, und 
^t+inrti.bftth* : diet ilbt Jem nppariittis ft>r iipwnnl and downward rlbtillaf ton* -m if 3 1 und without 
fnmliuir * HuyinMttw appftmlue* flnplA» f reverberatory fumHw and fur^v b)|^ r Tltf 
annlvtii'dl laboratory and iiTuilyt li-llI hnjanm, hurw in Thr 

privftl® hiburatexy wfilnih* (I ife philiMopher^ fufnaiv/* Tb-iv or- uEno in tlk" institute h 
prapiiition rtKun with pitas*, a a ify.^ aHisn ri< >n mom, etc* The jutkiratvrr bun 

ivjin r laid nn r und in 1 he cijih'h air t hn ■ m- ilp- fita'ilities fur milking iiLturi nml vitriol, find m 
fifth [Jet re plantation,. 

1. South-Ewttt fprtit. 

XarUiHftit front (with the r-hlinncy^iiwk of the riirt i ri laboratory). 

3 a North, 4. West. S. Ensi. 0. South* 

7. A Kslm i-ril run 1 1 ' with -mail climr. 1* Main nwm mill pnllciSw. 1' SjijmE |j 5 bin Ion 

K Drive. F Vmtibuie of tb' hi htirafory. GjChomioeu lubthit^ry, H Private hibiifiMufy with 
'■\nm\ Htnirrt to tlic- h! i Lily, d Small analytic*] laboratory, K Cbimieot pIiflriLtftvy, L Pm- 
pArafuMt itwifij, >| HedtWini for th- laboratory n^iritnnl . S S|o?t mam, Q CryiittHlsutinn 
n ton i < ri i. L^i llftf < n uti\ i rn j . Q South store room. U Fruil H LJathnx.in. 

T ApJwxIfiutoritim (i-tiwi E). V table mlkr, X Wine teller, V Laboratory cellar, 
St Wftter ftupjdy. 

v r i ri [Joans to 1 hr laboratory eellnr. ft h EnTr^ico to the wine i^-IEiir. r r ftteam-huth* d d AkIj- 
bltH fndlHit'. rf U JiE^r-lmlh. // IhtdiLUt inn oppn rat us for upward dial kJkl ion. tf y Sub- 
tuiLikE jnii ftfjfJjirtLT LiH h f\ OnilMry firaptnee. i i RcWrbamtory furrutn- U 1 Dt^i libtbn 
rippnmuia. J t S ii-c il|ui Fiiii apfiamtuit with "piml i-oiideuwr, m rj? DtmR both* no Brlbra*. 
which util aleO lie bronchi into the laboratory* vo I'mtl sum*, p p Philosophers’ fumu<T In 
t>ft’ private laboratory. y V Aj^ov fnrmtra*. r r Arutlyl iml biiUuhr-i* in i-a™-*. * * Tnlw nnd 
%‘iftLfca* f f Dhil tlLiU Lori M jwr lltemuu " itnhle w ith vp^K-b], jcj- ^|Lli|nnrOt nnd br-nehe^ f(pr 
pn f Liinirion- ,'y ?i ^ dter tutke. 1 : Sjifte# for prefMiriEi^ Scire, alum iltwl vitriol- 
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PLATE m 

H* rv . i f fa A n firm* L r£*j ri, 

tr&cjyf 3^i Hi. 

lx LjlJ'jP 1 till MjlflliHl illll- 

pnlJit, of iron or 

pottcfy. 

-r buU'lHJ-. rtm- 

i ml I n . 

3 , Clo^Hil nwHVcr. 

-I, 5. <Px Twin i?r+x 

7 . kecoivor with two 

hlllhfl, 

" Thfcvft'ji " rw*ivor + 

!•*. Ordinary itseoivt-T. 

UK f’Ltmrbito rcf*t*ivrr + 





PLATE rti 

Amittf Unl lubitfniar}/ j / J( j?rdtcr, 

Scc-uhI huEf i ho *i*uwnth 
i^nlory, 

A. A-iway fumftce. 

Il r tfXHI pbitr on io which ih-u 
WKITpll* bgbg WU.4 

I HA II rod x 

l '. \\\ Kkli-n u ihI n i mrn l Wi I h slit for 
uWrviltg rhs? fire in iho *i-i-ay 
furtulftti ( fJp ppinrdl. 

D. Fhirik on tripod for parting t U 
sample of gold* 

Ex U^ijpEi^ tti* j^olsl 4Lvcr altuy 

irk w'Htor. 
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He wag the firs! Lo recognise tile presence of carbon dioxide in certain mineral 
waters, and to determine their specific gravity an d the residue left sin evapo- 
rating down. He discovered liquid stannic chloride l Spirit us finnans Libavii), 
hiamuth oxide and nitrate, the preparation of (Impure} acetone and of 
camphoric add. He also describes sulphur dioxide and sulphuric acid. His 

descript if ms of di fferent 
kinds of chemical appar- 
atus are the most com- 
plete which occur in any 
handbook nti e his subject . 

O t h c r important 
works of this period are 
the writings of the so- 
ca 1 let] B <ml i u h I \ den tin tw- 
in several reepeete they 
constitute an obscure 
chapter in the history of 
chemistry. It is impos- 
sible to understand how 
serious historical I writers 
can have entertained 
even fur a moment the 
medieval view of the 
Basilius writings, when we 
consider their language, 
outlook and content. 

It is Usually assumed 
that Basil ius Valentinus 
was the pseudonym of 
the salt-maker, Johannes 
T h d 1 d e, of Fr a n k e n- 
lumsen. who abu made 
hydrometers, 1 

This assumption is, 
however, by no means ae 
certain as has been 
supposed. The earliest 
edition of the works of Valentinus was not produced by Tlitilde. but 
comes from Rorschach on Lake Constance, ]t contains the writings 
Von di m fjwmen Stem der Vmlten and the Zirtilf SchliwwL and appeared in 
J <M30 as the third part of the Aurt um VrIlm T n well-known alehiumstie treatise 
which was also produced at Rorschach (L598), The question can only lie 



PLATE «5£ 

J. ft. m#i Hthttirni |L5?4-lfM4j. 

A EM.'I. N-itjjiti rjf Brabant, 

In mldJtiou n.1 J. B. van Holmont Uia" piciixrv *I|dwh hi* 
;ur«n h FmilfHctM XSprvuriiu* van HrlmiiUt. 


* Hyrirametct* rtif humtkmcd by Pappc* y f Ak^umlria (a„w. 2m}, Sjiiimhis, in 1'antt ru rtr 
pwtdmhu* (fifth wnluryl, AU’hiiitLm (U21J. Frrnch writer* of thft sixteenth mitoirV. jmii 
&hwrarcT ( I63£V| , 
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considered us settled if it can l>e shown that Tli&lde had something to do with 
this earliest edition, 1 





of the Vnlen- 
ys was Nearly 


The author of Hie 
Attftiiitt It'll its Mas cer- 
tainly not 1 

the author 
tiiim writings w 
n * } t n Benotuct mo. 

Whoever he may have 

§* r 

been, he was u gifted 
practical worker with a 
s | leek l ly go* h l kiuj w le< Age 
of antimony. It cannot, 
however, be assumed 
1 1 1 ?i i h v ue ti mil y * I iwo vored 
any fresh substances. 

This an ppbaitlon is 
1 msed i a j aoi 3 ii me via rat c 
eh ronology . p Phils a mong 
ot h er sn I jsf a i ices I hi si I i us 
m cMiti ons ant un my t r i - 
r 3i 1 o r i d e. potassi it in 
a n L i in on i.i t e. ker m ea 
i n i nr m 1 . a m m I mi m n sul- 
phide, ethyl nitrate, ethyl 
chloride and fulminating 
gold, all of which were 
r lemunst ra h ly known by 

IflOtf-f 

The tiret German 

university professor who 
taught chemistry was 
Johann Hartmann from 
A mb erg (loflft- 1 IKH ). 
professor at Marburg. 

The Belgian, Johanv 
Bn foist van Belmont 
(l577-l'B44) t may be regarded ns the founder of chrmisfri^ being well 
known as the inventor of the word k ‘ gas/' He recognised hydrogen (which 


PLATE 03 

J trim tin R urtoij (Rauhet* 

Hnra I >004 nt KurteUiU ; died IIIT^uit AiiuHtcnlfuii. 


] A I otfV edition from Eiehbcn i* iiicftliuiM < d + 

i We nmy incut ion Iwrv ir Murk of I". Antonio N#n\ which (five* nn excellent despriptiaTi cf 
wntf’mf Kura rs* l'I^ nuuufAPtius, though It must be |jn^UfrwtJ that liic Venetian pflofts worker* 
kmyw »t ill mo tv I Imri P. N>R. The work i* entitled : L'nrtt Tirana di*t*,tfa r and app* arr-d m Ifll± 
Nttri wha ju-'jiLiUTilrii with bfld #la^ containing no Alkali, and he givow »» rr-ofpc fur kuM 
ruby glftbfct which in I'orrwt, iK^ardin# to the tiller speciflD»ti*aM of KnnnkH. (Libciu hcul ubo 
hoard of jiold gW r whirl i wart nlsu prepared by Cattmi* Inn# before KunckcL It waji, in foi l, 
km tu.ii cm the AndenlK. n> ih rhuwQ bolll by writere and by ipfeimuni of #lm^. | 



Sauresautbewahrungsgefall nebst Hebei 

n&th J. R □luubesr 
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PLATE m PLATE M 

VtMMti ffft rtvrintf a?i(S m feitA mmpfrr : h'. Olntthtr. OhtfHt&il apparatus : -L //. fJttiiibtfy t(t(IL 

The groove in* lo In* flJknl wilh hwmury. Kflni|Jler proptmtkwi of Kuljjlmrir - holI. 

nn the right, ILfIqw, t*Jf ■ dint iLIm Juii Apparatus for nhtiunaci^ M Spiritua et 

Florea, 1 ' right ; Hiibliniml kjil i i.j «| iklith 4 msi. 
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hud, of course, been previously observed as u separate ctinibustible gas}, 
also hydrogen sulphide (to which the same applies) and the fire-extinguishing 
carbon dioxide, which he termed " gas sylvestre.” He found the last -named 
gas in the mineral waters of Spa. He ei ho knew of silicic add and had some 
conception of die mi cal physiological] processes (e.g. gastric add and gaily 

The last great chemist of this period was the outstanding technician. 
Rudolf frlti tther. of Karlstad! HtiU4-lti701, His importance is often under- 
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ticc/itiumtolliirfumi&rcSaEfli uiiiifj,mi'i iJMjri* 
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estimated, as he was ei 
man without any 
a c a d c mic trainin g. 

However, he had remark- 
able practical skill and 
Ids activities covered a 
very wide range. He is 
host known for his im- 
proved methods For pre- 
paring hydrochloric and 
nitric acids (1 043). He 
knew and pnurtiised the 
Eiltler methods. in which 
I iv dn k 1 1 lori r a oid was 
obtained from common 
salt and green vitriol or 
alum, and nitric acid from 
saltpetre and vitriol, 
alum or clay. In his 
own method hydrochloric 
acid was obtained from 
m\t ami sulphuric acid, 
and nitric add from salt- 
petre and sulphuric add. 

It should, however, be 
noted that these processes 
were probably known 
before Glauber's time, 
but were not used in 
technical practice on account of the high price of sulphuric acid. According 
to Walden, the proportions of the materials employed by Glauber are the 
enriwt ones. 1 

Glauber used hydrochloric acid for the preparation and study of chlorides, 


1 


r r e h 

Of i oJ U ^ wmc ,.rf c 1 on r. ifk r duration* EmpWi'ir m. 

Df adlph ffllkMifi'di quan intfirtn fimpbciUnv 
SiHipJwE ihquia ibfptilFS fenpro, qirnj ri f jf c Ipff rtdu^p, 
hi 4, Suctfi 1 Of j/rlff Quid p ta Qjb, 
Qfcufcm ttottm PhintMCbjw^Mn tih 

Cum Indiff copnb, 

9 

Nprimbcrgr ipud 
y>h Pcfrtiuna* 
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Titk page vf tht Bhptnfziorium of Vnlrritt* Certlu#, 1 & 46 . 


1 Agrivtilu is|if«uv-rjHv cltLi FfcE-ii kiuiu *JlatiWb huhHihIi. Hr obtained hjdjwllferrit- ncid 
fr;>rn Milt by bcOttag with town or t( k rm HtgiUflta. Thb- ratao AppJfc* to BoguiiJ 1 1615), Ttir so^olbd 
BaaiJms VoJksntintift prx'lMih'U iU|iui n'^iii train «lt]ioUe + ^bmiiiiiomm* and (H'UHi^rvi /lint, while 
bn.- nbioiFitU liydiwliiotlr iW’iil frtirjk c^muuod Milt ami lin^-n vitriol, TIh j prc'imraNcm of nil He 
Haiti from saltpetre nml tmlpluiric ftc-iU ilora, hmnJWr, *P|*Hr io Iwvo bttffl known |c* Atit^lu# 
nSaltt. 
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«/ ihr Atitump 


of which the best known wore zinc chloride and arsenic chloride* It may l>c 
noted that Glauber mentions saltpetre as a pood manure which he had tested 

himself. Glauber's work In 
the Held of explosives is of 
great importance. He dis- 
covered ammonium nitrate, 
prepared potassium pierate 
from wool, nitric acid and 
potash, and improved the 
pi'epi i ration of fulminating 
gohL He occupied himself 
with the problem of poison 
gases in id gas she! Is r act ua I ly 
completing some of the 
latter. He mentions their 
use in the war against the 
Turks* and predicted ( HRilj 
chemical warfare. Glauber 
prepared colloidal gold from 
gohl chloride and lemon 
juice, improved the pre- 
paration of tartar emetic 
(1*546). and knew the manu- 
facture of ruby gloss. 

It can hardly he 
doubted that Glauber was 
iu?q uain I cri wi t h cl s It >rinc 
and potassium chlorate, 
lit 1 observed the miiitrat 
chrt imtfrtw ( pem i a ngai late h 
ma nga tie te) „ gi v es t It r ec t iu m 
for obtaining antimony 
pentasulp hide from an t b 
cmmic acid. and cost 
antimony vessels for drink- 
ing, He recommends 
copper tartrate in place of 
verdigris, and obtained 
acetic add from crude 
wood- vinegar (which had 
lung been known). Ho 
distilled coaI T obtaining 
benzene and probably also carbolic arid* prepared fairly pure grape-sugar 
(1060) and malt extract (1667). He knew that fuming nitric arid would ignite 
turpentine and other ethereal nils. He also obtained ethyl chloride (1048), 
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rr/]|infi u/ I firm Orman 
VatenuM Cvrdtw, XUrnlrttp, 

PubMimi In Anlworp by ! h* plmfnunnifl t Pc ter Condo n- 
brrff H whi> in 154S the Antwerp botfenioflil 

£ur*lcn (ihoWD In fk picture J* 
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acetone and acrolein* In IBM ho indicated the method oF obtaining the 
alkaloid b aj&es strychnine, brucine and morphine. 

0 limber also made contributions to theoretical chemistry. He hail a good 
conception of the nature of chemical reactions, and knew the change : acid 
+ base — salt. He was probably the first to gia&p the nature of double 
decompositions. His example of this kind of reaction is : corrosive sublimate 
+ antimony sulphide gives antimony trichloride 4- marcnric sulphide. 

The world of t lermnti chemistry {and in particular German chemical 
industry) owe** a great 
deal to Glauber. It is 
incredible that there is 
yet no memorial in his 
native country (Germany) 
to such a great man. As 
a non-academic worker he 
was always looked down 
upon, especially since he 
maintained that as a 
skilled practical worker he 
could learn nothing from 
the uni vers it ics. This 
statement of bis actually 
liits the nail on the head, 
since at that time real 
prai-t leal chemists could 
only he trained in metal 
lurgiral works or pbax* 
inucicg. 

We must now describe 
(he mr.dientf.it hufwUdge of 

the period. PLAT|: 

In the first place we 

must again den) with »W the -t*^*^**** J °"' *»' ****•' 

Punuchus, Tscllirch Jind Variotu ittftlal cftiilfMlW for tat wnter with huatiupfi tube** 

von Lippimum describe 

him m n Neo-Plntimiat with si strong tendency to mysticism. who attempted 
to destroy the Galenic doctrine without ever succeeding in doing so. 
Hohenheim believed that every vegetable or animal remedy contained one 
particularly effective substance* the true aim of pharmacy being to obtain 
i Ms su I Kiln uce by chemical means. We know to-day that this idea has 
only been slowly realised in practice since the nineteenth century, and the mosL 
rerent investi^ntions seem to show l hat it is erroneous in its most general torm, 
since the most effective remedies are rarely individual pure substances. being 
more often mixtures. The extracts or tinctures recommended by vim Hohen- 
liemi (which were used widely both before and after his time) are of course 
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mixtures I n organic chemical FBmedies T mi the other hand. were generally only 
used for external applications (a* in earlier iieriocb — see above}. 

The sixteenth century saw the rise of r*4»rrfr «/ pfrmsw* wficn/ X j m^W*W//e 

in variuii.-i countries, 
after the model of 
E it e /f if fi t fi r i u 
Florentine. This 
often took the form 
of local pbarnmeo- 
podas sanctioned by 
the municipal or 
state authorities. 

Thejffrsif German 
jJta r inwt&patia was 

the D hpf nsw tmvm 
of l nl f: ri'iitf ( -ordti-H^ 
compiled in 15-Pi tor 
the town of Kum- 
beig. 1 The import- 
ante of this should 
not be under- 
estimated because it 
was baaed on earlier 
works, as it is the 
function of pharma- 
coj items to preserve 
exist mg knowledge. 
The Itigpmm fwtiu m 
of Cord us contains 
nearly four hundred 
Composite, requiring 
for their preparation 
Hi' veil hundred and 
twelve Kitnpliciitj 
some of which are 
mineral or chemknL 
To-day the extreme 
complexity of many 
of the remedies 
causes aston Lsh ment 
and doubt as to whether this complexity serve* any useful purpose. It 
should* however, tie remembered that the plant drugs and animal products 


PLATE 

Apparatus /or mnytftp ouif rf MttUQtion it p Mtrum. 

J. Weaker. 

Tlie flunks do not Ptand in the wi»r t bm ow eurrmindecl by 
but HteniD. Tbb* kiinl dual iJicC ion i* laioilifrVAl* tuid 
ih* picture in probably taken from « Uto edition of the 
Rk^ttftrin Finnpn.1 inn. 


1 A faoflimlli 1 ^ li iiuti Bppt-nrod in JU34 w ith i vomimnUiry by Hr. Ludwig Win It k r. Inn** 
bnii'k, pubtWied for ihv ti€*rUx<?hafl Jor iir»chiff\U thr Fhxifimitic [Herlinj by Arthur .Wnuiy^r. 
3 J ittabWaldl . 
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provided by nature are usually very complex. Tim- a glass of wine 
contains dozens of chemical substances, and such simple prof] nets its essence 
of pepi^inint or attar of 
roses contain snore t ban 
forty v bom ica l i n< ii vid uu Is. 

It is therefore wise to reserve 
judgment on this question, 
especially as to-day we have 
no practical experience with 
i ompositu containing many 
components, 

M ti n i i- i p n I p Ii a r ma- 
copqnaa were publisher I 

shortly after wards in the 
t u w ii s o f Lyon ( 154H) P 
M anti m ( 1 559 ) , A utwerp 

( 1 680), Augsburg ( I r>(54), 

Cologne ( 1 566 )* B< flogna 
(1574 j H Bergamo (1580), 

617 ) t London (1818}* 

Frankfurt - on - Maine 

024 ami HI26). 1 

Valerius Cord us (1515- 
1544) was also an able 
chemist. He was the dis- 
coverer of ethyl ether, which 
he prepared from spirits of 
wine and sulphuric acid He 
also prepared a whole series 
of ethereal oils, of which we 
may i nent ion ci n nunioit, 

dove, cubeb, cardamom, 
mace. nutmeg, pepper, 
angelica, celery, parsley, 
fennel, dill, parsnip, caraway 
and aniseed. He a I m 

observed anethol in aniseed 
oil. His vessel lor preparing 
volatile essential oils is of 
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t*abMvl6f}f f&f chmical xnbtiontr* fr&m plfint* : 

fiurUt. [657- 


1 


4. 


.Vi^tanf preparing tin vxlmi't from gi-Ln-p i C 
Watff-hftUi on tripwl wish fla^k. ritill-hend ttli'-l 
mceivdr (under w draught -hood]* 
Htifri^ml^niiiu wMl tfViatl funiu^ rcrceiivcr 
(imfK'j 1 4i Lurja* * I m^ghl -hoodh 
ChemUC separating shi* ve#potnti lo e^stifioM or 
Fima the water. 

FiunAcr with ll-Jv bath. 

I iJcmjrtg Imalwt for obtaining h-h-It-k From plants. 


interest : it consists pf an alembic with a 


I TilOH* wi-rc alu lam nu rti4» W t.r unofficial phnniuitopii'in*. *>.%■ the «riu m r>! 

,loh. Bft t« hiieiili!r < I'toi-dtomiih} ul Mttwwislfl' h , L3* 1 (which cuitU.il* the lirrtt Mtamplf of tln> 
wqrd “ piiurtpHAH-opa-tQ ,L j, the of Joh. M. Worker, 15^, the nwiWfflP pmmrm- 

L imtkn^ 41F S.-liWi-i^-ka-ldt. the Pharmampiriu of Jm* Quetwiimte hi, dii 1 b^ius), IAlH, 

the Thttfiurn# n A ntuw ugirratii of Aiiriun SeLmienichl i Myrmiuhi % 11E3L Job. Sd^U-r - famous 
Ph r *^fm^t<-‘ripr 3 rui Diftirii-rJfitfm im L 0141. 4- Zw^lfT^r y /Vi n r fpj 'i "trpff irr ffrjitii Ifii-Fl (whirti uppowwl 
in manV ^ditioiui in Lktrayiy up tn p till? luiddj* of the ttightwnth RjlllU/y 1, ninl filially the VAluibhl 
Pharitiaevpct of ihi? f l ari*Eiui pluim^i-hi XL Chanvs Hi"*'- 
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DiMitbabu QFtmrutHx : fJirWn/, wml, ,n)fi tonlUr#. /'rxrnfjrv in /ijit./w f ti*tHbt„i,s H'lrh-I, lur>7, 

i'’r.r flip (UriUlhlliiMi .If umi' phmJm.t-. Thin J. 1 1 | >nd n UK it|ifir«t» In him- Utii iwm| f.iMli- 

1 1 i hi i I hi t inn of hi mi) | i j urn il if IKH . Solo II n> wl n nrk 
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f used-on head and si tubulated Ha^k, thus allowing tV>r filling and infilling. 
Cordns brought the spirit of chemistry into pharmacology, and he sought 
to prepare pure extracts in the same setise as Paracelsus. However, m 
stated si hove, solutions . extracts stud tinctures prepared from vegetable 
or animal sources can hardly be regarded as chemical individuals, hut 
rather m coin pi Stated mixtures. The same of course applies to the many 
* a u liters " and essences prepared by distillation. Bmnsehwyk mentions (among 
others) Elie oils of angelica, bleftsed-thiatle, linden Hovers, lavender, camomile, 
aniseed, primula farinusu, juniper wood and rosemary. \\ Ryfl prepared 
ethereal nils from practically all the pharmaceutical gums, e r g r myrrh* stvrax. 



platk ?n 


taboroterp. 

llnpnivmR frGin " Vnin phihirfmh, Sum up rm kurtrt'* Tniftftl l.-irj." by E l . J V, I -Viknkfiiri . 
Pubtidlind Iti’JS, Lam JriinLw In the i- m^roumk an' hckijj In-atnl. In thi- tmi'k of 

l hi.- pirtim'p ifc riiH- watcr-both. ThPK h appanintU' <}*- (iwaffh Laboratory rtf a I’likinh 
dij*nitciry. 

mastic, opopona* , benzoin, and also from doves, cinnamon. muce, saffron am i 
other spif&s. J, Porta did the same with wormwood, hi vender, primula 
farirusn, camomile ami lemon peel. 

The products of dry distillation of vegetable anti animal product* arc all 
mixtures : this indudes animal charcoal from various sources such as ivory, 
fungi and animal oils, also tare anti tar oils. Still less chemical individuals are 
the many liquids obtained by pressing various fresh vegetable products. Oils 
were also obtained by pressing from many seeds and fruits, and could be 
rendered much more aromatic by the addition of ethereal oils. Many kinds of 
animal fata were also used, derived from dozens of different an in mis, e.g. all 
domestic animals (including dogs and cats), all kinds of poultry, all mammals 
and birds which could be hunted, adders, vipers and fish. The fat of executed 
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Pn r inn i i f a f ten iV ; ,1 f , ft. T ’aitntfttt. 1 7 H 4 

Kliji.I"-: Ilf white. Hr-M-Jili- tt'rTi * f i h- r. Li 1,^1 li y rcrosi in 14 roUlt (Iiw or 1 1 a l ■ c ■ l J L i h m-vni-, nn d hvpi. 
n^ubKme^ frail) thr- , .i[m |s [>. WIlLO* 1 1 r— ■! I L« ■ i.4 tlwiCHital 4- ,1 ifcm k Ln tho fhA tubtw E. 

iv nil HJdh K. 

Limn an beings mis a much bought inn! expensive medicament, \ Even Paladins 
compendium contains sixteen different fats.) In Liter y? rim Is the tendency 
hm been tii laugh at this areenal of irtts. and to lie content with lard and 
hi ml me. It may !«\ however* t Suit the ancients were wise and the moderns 
foolish T tflnce bil^ differ to a great extent in their chemical composition (ergn- 
steroL etc.). 

We may note the two of hormone and enzyme preparation#, e.g. the liver 
of various animals. lungs, spleen, brain, marrow, blood (of different kinds y 
gastric membrane, and gall (Sal a din's compendium eoritatiia eight different 
kinds of animal gall), The medicinal effect of toad poison was also used* anil 
was re discovered at a much later date. Particularly noteworthy is the imm 
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duct io 1 i of new re m *. f d ics from the iividy d i&c&vered Am*' rim n r mtintnl^ w Inch 
Liter also influenced the Held of chemistry. It would occupy too much apace 


PLATE 7.7 

Frun± d* it Hot iI6U 167?). 

1-tLD-r^fe in ii ueiii li, vrurked at- it tmivmiitv N^ulmi in Ij-ilhI n .mil Am* run I urn 


to enumerate all these remedies, hut we bihall mention a few of them : tobacco 
(u ml the distillate prepared from UK cinchona bark, coca leaves. gnaiacum 
wood and refill, quassia, ipecacuanha. sarsaparilla root, senega root ; 

copal va. Peruvian imd uAu balsams ; jalap. subadiUa seeds, cocoa and cocoa 
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butter ; spices such as vanilla, cancHa, pimento and Spanish pepper : dye- 
stuff* like Bmz.il wood, cam peachy wood , and cochineal insects. The last-named 
were used jis a source of carmine dye. which gave an excellent shade of red si ith 
stannic chloride r us described by Drchhel (1Q43). This list represent . h a most 
valuable collection of materials* 

In the seventeenth century China tea and Abyssinian coffee began to 
spread to the West to a considerable extent . 

We shall nos* give a ! ixt of sttksffntrtx containing some products which have 
not already been mentioned. 

(it) hrf.rg&vicr The so-called ^ Holland us knew calcium chloride, 
Vinzentius (u^mrolua found heavy spar (in 1 60S or Inter) and prepared irons 
it phosphorescent barium sulphide. He states that it is very difficult to reduce 
this mineral to a me tub and in this way discovered the phosphorescent material. 
Joseph du Chesne (Qucreetanus), lr>2'l HMMb a Pa nscelsjan physician. used 
eiduniel (mere tirous chloride) and gulden antimony pentasulpliide, We cannot, 
however. suppose shut lie discovered these substances. 1 

Aijgdua Fain, ti doctor of the first half of the seventeenth century, knew 
sd'ihe psveiphatum of cop [XT from solution by means of iron. The metallurgical 
works nl Xeuuoh l made copper- plated iron veastels in thjtf way, and sold them 
Hi? examples of the tnu^mmation of inetids ; actually, of course. a galvanic 
process is involved. 

Otto TficheniuB, middle of the seventeenth century, gives some methods 
for analysis in the wet way. He used ti net lire of gall-nuts for detecting not 
only iron, but also copper, lead, mercury and gold in solution. He also used 
lunar caustic for recognising sails in solution, and vtra remL 

Franz dr h Boi (also known as Sylvius), the famous intro -chemist ami 
professor of medicine ( l til 4- 11172) > mentions and uses potassium chloride. 
He attempted to develop u chemical theory of physiology f and recognised 
respiration as a process of combustion, 

(fr) Or nan it\ 

Succinic acid. Agricola 1540, Lilian I595 + 

Very pure alcohol, Carthinus 1554. 

Benzoic add, Nostradamus Husedii lb-17, Blaise de Yigenere 
1 5£0 + 

Grape sugar from honey, Olivier de Series 1BOO. 

Pure bone oil, Turquet de May erne H5US. 

Anhydrous potassium acetate. Th. Muller 1G10, 

Ammonium acetate. Kaymund Mindeicr Mill 

Milk sugar* Fabrtzio Bartoletti 1615; Thumeysser 1583. 

Tartar emetic p Adrian Semmenicht (MynBacht) 1030 s 

Potassium oxalate, Angel us Sflln 1547. 

Mustard oil, X. le Febre 1060. 

D Kan MM J i iffliwifWM tlu- iirwt to mttfitvm szrrtjjhitc lemi ponitil £lflft3K and givpH nn iJiuM ration 
of a rod of LfrapiiLU- in n rjiiw. The discovery was prvhahly iija du hy tbs Kn^SLiih, though 

ihn i-urlv ixmfiuik.'rljjt of Tli^ppliilua Pro b vier {**** ibove) written with Ei ^m|ibiic jR-nciL 
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Tt\r tfifttriitm uj indiga in India. 

Kfokn MllflBiiin MuawriJJi>» by Ml JA. Vhltiddtifkii 1704, Th"- phinl^ WC-iv 

ratrm-tol with wntor, thi i* djAWlvios the Enriiran. Tl»* solution vnm ni;jfciiU*! Ln llio «wood 
vm, wh fen Lisjiijilcm took plno* win indigo ■operated ant i thin w«a iHru fUtet&d oil nikd 
rJrini. 


Theoretical Chemistry 

The concept of clementa described in a previous section did not change 
appreciably in this period. The clement "sulphur gradually acquired the 
cl i a meter of phtogh ton. Bin nguccio states that aulpk ur is more ' coni busted 
than atibmte, and later the term “ richer in phlogiston " was used (see beloiv). 
Chemical symbols remained essentially the same, though practically every 
author has some special signs of his own. The Cologne pharmacopoeia of 1628 
gives a table which probably represents wide usage. The number ami diversity 
of the symbols (some of which were used as secret signs) is well illustrated by 
the lexicon of the apothecary Johann Chrktoph Sommer hoff. which was first 
printed in 1701 but which deals chiefly with the literature of the sixteenth and 
seventeenth centuries. 

'fhe law of constant proportions by weight was taken into account by all 
the practical chemists of this period. Til is U true of the authors of many 
booklets on assaying, and »lsi> of Hiring uccio. who states directly in his 
Piroitchnia that in chemical operations the quantities of the substances taken 
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lit 1 1 s t correspond correctly to one Another. Birbiguccio also knew that in 
chemical prace&ses the nature and quantity of the stfbstaaces involved remained 

unchanged,. Thus he 

r 
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PLATE TT 

Frmn Strmmtrhwff. 

At ll» tint at SomiiM*rt»fr>i ji3 lami&ceUl I EaiS-i-V'inioal teikoii 
then* wn- pngi'ti fin iiluliiftlM-tk-Hl anJpr) contllmtig 

the fthtavviatiiJiiM mn\ ntp-I uynibulb il*.hlI in ilu- ^ixtwntlu 
n^vi?iitwrnh wul ei^iliMmtli i-i-nLuri--^ far ill* iiil^i imjjar- 
tunE nhuJili Eml axirl ph^muceutir iiJ nubbin ficws ippti feira*, 
wpijjhla, t iiih-ti and je j e l 1 1 ■ p .• n 1 1 j b t jutih, 


Walden 
v a I u e a 
(litharge) 


says that when silver 
is dissolved in nitric 
acid, although il ap- 
pears to lie completely 
destroyed. the full 
weight of it can be 
recovered without loss. 

fiirhtgttrrio w a s 
also the first to give 
numerical data on the 
increase of weight 
a ceont palsying the cal- 
cination (oxidation J of 
metals. He states that 
lead in creases in weight 
by $ to 10% w hen 
enlcincrl AtcOTtJing to 
the correct 
are 7*7% 
and 10*2% 
(red lead ) T so that the 
agreement is good. 

The investigator 
t'txrdanvx (L754) states 
the increase to he one 
pari, in thirteen, wliich 
a bo agrees well . He a Iso 
gives an explanation of 
the phenomenon which 
presupposes the phlogis- 
ton theory . Cardanu s 
should therefore really 
lie regarded as the foun- 
der of Lhe phlogiston 
Lhoovy instead of Stahl. 

Cmalpinu-H (lohfi) 
deacribes the same 
facts and gives a com- 
pletely untenable ex- 
planation. 


tL Popp found the same behaviour in the calcination of antimony by 
means of a burning glass. J * Bzguin ( \ tdO ) invest igated the same phenomenon 
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Burning of aHtim&Ry fcjf thr rwMiV my* M. H. Valmhn{ f 17114. 

in the* oxidation of iron in the wot way, and obtained the fairly accurate ratio 
I : 1-43 (instead of 1-3). 

It is thus completely untenable and in contradiction to the facts to 
maintain that quantitative methods in chemistry were only used niter 
i <a vuisier’s ( hue, and t hat the proper use of ilip balmier in fiiismistry was not 
understood before Lavoisier. In Glauber'# relics there arc three balances : a 
balance for gold, a carat balance for precious stones, and a rapid balance for 
test*. The scab-pans and the set of weights were of silver 1 

The -French doctor Jean Rey (died 16411) stated correctly in UJJo that 
thr, increase of weight on calcination eatnts from the air. He observed this 
phenomenon for tin and lead. 

Renner! {1572^1637} taught that tiie particles of elements persisted in 
oampemnd*, Joachim Jnngi vn (I5S7-1657) was of the opinion that chemical 
processes could he investigated by means of the balance. 

Johann Baptixt mn Belmont {15&T-16S7} know that gold remains gold 
and lead remains lead, whatever is done to them. 

» rjtfiglii 1 -iifcJeiJ 1 1 1 "m will i n rmmliT |niintini! <iownw«ld» up|*-*r In haVn cohlr tnl<> iut* nio r 
l lie sovi'ntmnth etriUiry, aiul ItuWe** with u .ft -ulu for »lmwlii« the (tofiecticui of the pointer Wrn; 
r&retiy q^kvl miti] ! bn h pighfr^th isentiiry. "I hi* H rat -known bdtunT with usi Hiran^mprrt fhr 
tkr n.*>t itajz tlu peru> weh imidu Ijy Tr Lg^tnlt I in IT^hi f^His it F nmoh dsaniptiM. Ni> i 'tn I’iprv ocnai va 
liftrik u-ppBAr-i to Wn writ I m ttfi the history nf the halnrir* 1 . 
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Ih ril&o knew (U-4S) that when a rnndh hum# in a hell-jar ,mthd by mmns 
of tenter, (hi a own tit of air deer&ises and the Mirier rise#. 

Vail Hdmunt also mentions the conservation of matter in t he ramhustion 

of carbon, provided 
that it tikes place 
in m closed vessel. 
Rdyle gives an in ■ 
correct account of 
tliis experiment. 

The fact that 

Inter chemists Imve 
not paid sufficient 
attention to these 
excellent statements 
of fact in no \va) 
detracts from their 
excellence. 


Chemical 

Al IMKATl S 


^5* in |t!rt in b«n tfrln ; j <«« *. rnrhi^ ; .u-tun jpE****" ' ** 
*■ ^ 1 2 ri*TSL In tetl hdtfVTKC btH aLl frtfniLn r*ST T h>- ? — • .iLfalJlj* 


T here is an 
abundance of mater- 
ial for establishing 
the history of 

cl le mica! a ppamtus 
in this period, 

especially in the so- 
called " L distilling 
books/’ of which 
that written by 
Hie r o n y m u s 
Bn i nsch wy k ( Br un ■ 
plate ?» schwyg). Hisdeaserip- 

Larg* wxd&Jxrth for tioius really belong 

Bruneetavyfc* airtientli ewfruy* Jq the Middle Ages. 

TIms wooden casing AODtftllU a Anting dome nf copper. jfi i n C 6 the b O O k 

appeared in 1500 (or 1505) and the appliances described arc those of the 
fifteenth century. Some of them have already been mentioned. 

Other distilling hooka of the period arc those of Philipp Clstad, 1526, 

Pjesandrea ftlatthioli, ]f>+4, Walthcr Hermann Ryff (Reif. Rivius). 1545, 

Konrad dernier (Eiionymus Philiatrus), 1552. Adam Lonicer (Lcmiteer). 155r. 
We may mention the glass vessels used by Branschwyk for digestion and circu- 
lation, the latter of which may lie said to act like a reflux condenser. Ihe 
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S'itfrr with ftieHitty fUN'rr epjuJT tfa wptfw t 
l^itlL}i|i Ulibtiult, L'xltL j- H.nLiLin.Kj-<ly liUmirtjr (kijuptutile h|oV +*) 1 


i j i oh t interesting of these is the 
pelican (the host preserved example 
is one of Italian origin in the 
Deutsches Museum mt Munich, 
while then 4 is a daiufcged £ peel men 
in the Gemwvuc Museum at Nuifttii- 
herg). Double circulating vessels 
consisted of pair? of retorts or 
idem hies with heads fused on, the 
delivery tube of each opening into 
the tubes of the other. Tarring 
vessels with an opening at the side 
arc characteristic of this period 
(originals in the Munich and 
X i j re rn berg ttt i ssci mis ) + 

One of the most important is 
the so-called + * Moor’s head " dis- 
t illation apparatus. One of these 
illustrated in Brunschwyk's hook 
shows the whole distillation head 
immersed in the cooling water* hut 
in most cases the cooling vessel only 
surrounds the distillation heath 
rather like a turban. The liquid 
to he distilled was pro-heated, and 
the cooling water was rend wed 
when it became warm, and pro- 
bably ran continuously when pos- 
sible. The same points are shown by 



PLATE *1 
Ikilnrrtm Muriw. 

With uTui^nont fur 

Ffiim ilw' i line il]mp book he UiuKitbvriu# KytT. 
Trunkfun , fjixtH-i-in li oriitiuy. 
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Franc. (Meiulatu (about 1350)- C]. Darint (1553^1594) and a " Moor's lien d “ 
with spiral condenser ih shown by Donate d'Erendta (1024) and Ferrara 
(1025). The fractionating effect of I he distillation head does not of course 
exclude the condensing act ion of the spiral condenser. 

i tampletc utilisation of the muteiml Ijeiiig extracted was often ensured hy 
whobation, i + e. the distillate was allowed to run back an to the materia], 
Repeated ftidist- illation of the distillate served to purify or refine it r This 
gradually became unnecessary as distillation apparatus with a rectifying action 
was introduced, Lon her (I <573] shows an apparatus with u second Husk 
inserted bet ween the distilling vessel and the condenser, but it is uncertain 


attache* to an apparatus of Bmnsehwyk for water-bath distillation mi a large 
scale, in which a large wooden ve&sd is heated hy mean* uf a copper dome lot 
into it* 

0* Ryff (middle of the Sixteenth century ) describes simpler bur obviously 
practical apparatuses, e g. dihikra (distillation head with two delivery tube*), 
spu-al condensers, and wooden water- baths with metal let in for heating. 

Illustrations are often found of tarycscalt: digtittaiion appamtmts out of 
doors in herbal gardens. The earliest picture of a herb garden with distillation 
apparatus (Brunschwyk, 1500) contains only simple arrangements Other 
illustrations give a very instructive picture of the preparation and treatment 
of fresh drugs. The stove often contained dozens of alembics of glazed pottery 



whether this had any recti- 
fying effect. This was, however, 
certainly the ease with the 
a r m nge men ts ill List ra te« 1 by 
En onymuB l 1 tii I'm tr u s i K . 

tiesner). and still more those of 


' ~*i, Li I hi v ins ( 1 tit H S }. A 1 1 para l uses 

effecting a fractional distilla- 


tion into two or more receivers 
arc given by Ryff (middle of 
the sixteenth ecnturvL Li lift* 


. (CibLiu^iiii Murin', 


2. AUuiFMir with Sldi' 
uIdv«m : Hirtu^uccio 



* described by Ltinioer + Dariot, 
ini'lmd Btld Others. 


3, Dung b*th «ihI 

mil r I] : 


[>ang bnt h ami *U*m- 4. Con ipl vmtfd uppa r- 

buth : ^ingUA L M. atttn for ill and 

apt* t ifyii ic- 


We have already referred 
to the continuously burning 
stove wit 1 1 a tower for replenish- 
ing the fuel, and a similar 
stove is illustrated by Leonardo 
da Vinci, 1300. Interest 


Thr anixirotuji iUuatmttxl hrn r i* Cpe of tlw 
enriifetf ii]i|jLinitii^ for rcfitifk-fttiOJi, 


PLATE S2 


rkfmKwl fipprjntfur JrtHri Etionifthti* Fhitiaim*, 

I ; i.f, Xwmft/ (l5Jfi-l(^5). 


with glass heads. Specially fine illustrations of distillation apparatuses are 






Tin? i-urlioi piutiiru of u Iterbwl willi ili^tiJIul ion apjwnlux intfinbic nml ^iill- 

ln'iiil i : Hipponv’niu/i finiiwhwyk, n^Kit 15 tHI L 



PLATE *4 

Large m/ir-fm/A : LiirJ Io, PirotHrhnia. Venidr, |S4(i. 

T}id fimraci) wlik-h hcalM thf- wutef-bsth w at ^nnnnJ k>Vf I. U+ilf 

(3 iTi (hi- lira! floi^r tif a How. ami in df wwxl Willi im’tal Jol in far 
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PLATE S3 

Di&iUm pon fipjwraltM with rettfflmtivn. 

Tlw t^nn - iTi-Mitr i> opnin talk'd in mdi r to tncw^r- it* jMturtlUgi’ nin It- fit. 




f J itfiltatwn ry&tem v'itt* rrdiziiUttfimt mtd frnc- 
iiittmi r tmdinvtitim . 


tLibuviiv* AJdhytmia, Frankfurt. JfltKI.) 

\\\- f hp <Jj*f iElinn yaws) W, placed In dinjct turn- 

im l with eIh- fiit\ Tb* tfinlftlato foniund in fef^ 
(.» iIi.wil tliimigh **vvrml fwltannl 

H J< K^whtrib wviiMlHl by tin- fin; fov 
1 1 1* tti i ' ot ita iuJjistjiblc ,i tnoki 1 dt lVn h p r C. Aaronl- 
,ti(j: to Libim i>ir- r-andetiMlr in tb* drat rraivrf i* 
, i1'~l ■ material ruituro + whik 4 titwe*|otnt cootLju* 
*, m ■*. uni *' HpifiiWTtlB/'Aiid tin? puh ^E , most volut ik 
H'rodiM-t vH.pili-4-tH in Him tiimj rv^Ytt M. 




ffr ./ wf p W n( hm apparatus. 

i VtikrU i m>. Trsun 1 1 >\m I I P l itirtot of An I iiuaiiy , 
London R IJISSr) 

Funuiri\ IS Hoturt. C Re^dv^r. 
Open (uW of mDd&TAtp width ori 
i'h ita aLrabir II w, Tta fum 
r.-dLslild whit radiilcfiH'K in f l3" h 
i-jv^r anti l hi- r flltMnbie E, 


»jven by Luraeer and in the herbal of Tuberiiiemont us. In these eases we are 
ridding chiefly with Hie steam distillation of ethereal oils. 

,\h in tunny other things, we ran Irani much from liiririgittxio in the eoii- 

gtructi if apparatus. Ho describes distillation from hell-shaped vessels of 

copper turned internally, or of glass. They hud a delivery tube and res tori on a 
suitable dish. They were used for making distilled w ater. According to B., the 
ordinary distilling desks and heads could Ik? made of glass, pottery or tin-plated 
copper. Tlie glazed Husks for preparing nitric arid were covered with clay and 
voiijil then be heated by u direct flame. B. also distilled from the water-bath, 
which could be a copper cauldron or a wooden vat heated from below by a 
piece of copper plate let into it . The dung-bath consisted of chopped straw 
mixed with horse-dung. It could be still better heated by passing steam 
through a metal pipe immersed in it. K. was also uctjiiainted with distillation 
bv means of a concave mirror, us were I ai nicer and Ltbau after liim. 
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PLATk Sfi 


ifWTi W " Effhtl ■# pi fell r*mJnvrrr, 


('fflnfiiiiw/ tiir mitt writer fMvliny. 
Donnto d'Etioiifci d^H' Klisif Vihr, Xn|tW F 


Fem*t«i, Cliifuzgi^!, Frankfurt* iUJ5. 
Tim +L Mour'ii Ik'iiti 11 is ran l i nutm*! v JillM. 


Th^ l^fl-hmifl picture shows n ifirec boiler D* which iKellbjcct^l |u r-trj LH-idcrahlc n j r conj 'mp ob 
ntM-mint of ltd Urg? aiirfan^, Above this is 11 slLll-hiNld 0. to«rrwtHHii*J by Cfxtllng hji [*■ r in u 
container F, KfuiiL U « hiiuiII portioej 4 if thf dint ilhitu in fnfrrt iuftAtctl ifttu o jtiamlJ receiver 
rm thfl sidff- Tf«’ greater |nm friiiWi into Hit uir-(>iKili4| yjiimijipirj [hen through flic 

awi liti jj vessel ], into I he K, Tin 1 rumijiicim^ vapour in iIh* HtilM^nd L F 

nrul is coElt cl fiJ in the receiver 51. 


According to Biringuccio the l>est apparatus for preparing spirit* of 
wine consists of a turned copper boiler with a vertical tube hi ted with extension*. 
At a height of four to nix vanls (!) there is a trough of copper or wood through 
which the tube parses spirally and is cooled. Above this there is a still-head 
with receiver. (Illustration from Biringuccio. i termini translation by 0, 
JoJmnnsen, p. 413.) It is not quite clear whether the extensions represent 
attachments for fnu-t io nation. (The prepamt ion of spirit from grain was carried 
out on u large scale in 1 i.2!) in Wemigcrode and other places.) 

Ji. also describe* the preparation of spirits of wine lining elongated bell- 
shaped vessels (per auiujKinfim), the delivery tube passing spirally througii 
the vessel with cooling water. One distillation was not, however, sufficient, 
and re-dist illation had to lie carried out. 


r ii >■ 


a 
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PLATE S7 

DimflUiiion apparatus in'M frartiimat ten. 



ufrfdpm'H^ five Jrmtiivn** 
fLibuvius. AIeh> rnifcr Frankfurt, 1 fltHJ. .1 



i-rrjn rrj tt „ 

[Donato iFErttflClila. ditll" Ellad* Yitw* 
XujjK 16240 


A lcnowliHl#r nf frarticiia] diwUlUakin is met with m thr work of thr- greatest xixftvnth tuul 
TU$ventomUt n<*ftrury writi-rH. tm Ji-Hlllnticm and is rlwfy fttu#tmtt*l hy )>irltUfes. The 
ri^ht-kmnd nbova el bulboiiH froctkinntmg cdhtemi for ^biainih^ tUr fraction*. Tho 

ji'h-lLiitiil upparnliiv al*o provide like jHtitiiihUfty yf^parrttin^ the dirttiLlutis into live fiwHom 
*f different tfpct'ific At tiw? bottom of tho funim-t- thpru in . 1 twq tmitilj for tin- 

puipoHo of 


According t a H, less volatile distillates (oils) are Letter obtained by lining 
retorts, which can Vic placed directly in the fire provided they are covered with 
clay. This method was used for oil of vitriol and resin oik. R. also burnt 
sulphur under an open bell-jFir which served to retain the vapoury: these 
condensed and ran out into a receiver- Thin process m the forerunner of the lead 
chamber method for obtaining sulphuric add (cf Btringuedo, plate LX IX, 
p, 41H of the German translation}. Downward distillation was employed in 
the distillation of wood : the earthenware vessel had n deve-like bottom, with 
wood shavings above it and the receiver beneath. B. carried out sublimation 
but] i upward® and downward®, using flasks oT glass or glared earthenware. 
If glass was coated with day it could be heated directly in the flame without 
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ftii ash-bath. In this way he obtained corrosive sublimate, white arsenic ami 
cinnabar. Brides the ordinary furnaces (with or without bellows), B. mentions 
fott'er furnaces (athanors). These had small furnaces at the side which were 



TVi* (> h|<T btifd 

hc&riS* 4 i 

ruvMtmnr.iK-t 

rrki vi ftii»$«r.' , 4 ktLafrr I iT-fl 

MW 4tfti :■ Nl*«k ptjLuud PMefer- 


U^#r-.WP<?T<»W- 
*■ ftfmj kI mm Wft 




#□» ko4fcd*T frff 0.f #fri m* vin- 
fcfavn n bn iMfcf ■ w 

t-f m **rr P«bH =*ftn ■ T-rri [*-4 fca* 

tfWff <fif spile: an |E.a™ tUfl. 


[fctl Bf|I ifltf * p"' 1 ■' rt mw fi±MteJ r# j^ufi 


ag ass s S 


W!r ^ tUH 
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Vnrioua form* uf divtjllatiad fiartwrc, aixtrFikth eentury. from the herbal of Ko^liji i 1535 

oditioa). 

1 13 imliT TO prcivkk- for n tnniji 1 number Of UaHtilliilioik v«-*^4k. In DfH h funw iho hither wad 
I jUrJl in Mivoral tier* ftl» funuu-o k^injj ruimd h ^|unrr- or jf might), or h>imUi^ In ihi- farm 
of ii zip-rag or spiral stiirewir. Thoy wt«b used chiefly for a-btvumg irikrrul nibi. Eiieh 
tlohk rtiiLtaiinH] 11 di(fpn i nt produrl, vhidt explains the large u timber, AraonJing to Itiriu- 
gtki-H-k(j tjmso funuiOH am not to he upetUaUy 


Uised for distillation, e.g T on sand-baths, The side furnace* were fitted with 
adjustable lines for regulation. These tower furnaces could also 1 k i combined 
with drying Apparatus, water-bat Iia and dung-bat I in. A. Li bavins and L. 
Kroker give many illustrations of these furnaces, with details of their construc- 
tion* 



PLATE m 

("AffwiW lukora£ory z J**k. $tmdiinwt+ tcFtfu^. 

In the rantm a larpf otfr-byitli with nJcmtlb. On tho rijifht a hood-^iaped Ji^tillation 
npnumtUH in netiotv and u *n>mid net Lu turf inn : *tou * mortar with the i^tSt* mi nu pbutio 
rod. Irk tho right W-hgratirid in U jinx- And in tht- h-ft barhgrmmd mx at honor with diw* 
tillution niiimmti^, in from of which in 4 Hlaml for tllttfllflg. 



PLATE Du 

TTrlatai* kitchen : Pftrr Brwf$M h * intent A rmrwry. 

Thin gru|''*qqv picture i> of grout inti 1 rat, ifiimc tLo Kmall oliomiml lipp lining on? th-pU'lrd 
wy reaihrti telly, thawing detail* which ara aWm from hooka. 




PLATE in 

Chemical /wWn^/ t painUxl % h. Texim, mtntfrtiih tvntury. 

Fuit^ group tif funutM with ditftjfliug viwls ; i^jll-himM r.r j p&swah glmcf. 



PLATE U* 

CftfiWftffciZ pfertfitad % /J. Tmient. mvmttttltk rrnturif. 

Fiiu> fiimBL-e with drtui^litliood midi vm-haii- at ill*. In tin? fu rt^Hjrvd phial*, ttiJMitn<Ls 
ratort#, tom; rtftii immv Other app] irmre*. 
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Finally there were also lull furnaces resembling domestic stoves, in the 
tiles of whit 1 ! i were inserted small glass distilling flasks with glass still -heads, 
often as many as hLv tiers above one another. They were \ms& for the simul- 
taneous distillation of several sorts of ethereal oils. Birioguceio does not 
recommend this type of furnace, shire the heat is different in the different 
tiers. Excellent illustrations of them are given by Matthiohis and in the later 
editions of the Florentine pharmacopoeia. Such apparatuses were actually 



PLATE !I 3 


Mil Ming /nrj»i.T : 

From M Furtll film FMI^phiri/' Ajiislcrtlffm, JS 4 W+ 

Fn Flints v-‘\ih 4ifi iran ilintillin# vc^i l riumuMtlvl Ly The k ji retest with 

u lid imil thr nfictiiurr in of At iht* LOp of Hi ? 1 fliffiiirt i* n M-CT^m thr ^Eill fliul n view 

ffpm Hbavc, On iTir ri^ln eIk- dktillLEk^ vvr&vl !■■ dn}wii oil uji ujxtl ttre_ 

\ | ijuhllT u- Tor hyclifflchlurii.' fitid from e^cnmoii *.nl t mid ^ulplmrir fbokL 


used, since they occur in contemporary pictures of an Italian pharmacy. 

Broker (1547) used retorts in an open furnace for obtaining sulphuric 
acid, and gives pictures of them. 

The moet complete review of chemical apparatus is given in the chemical 
treatise of Libavms, where practically all contemporary apparatus is not only 
mentioned but also illustrated. In this respect later authors are lar inferior, 
even in the case of the treatises of Thcnartl or HerzeliuB. There is no corre- 
sponding hook at all in modern limes. Lihavius classifies the apparatus into 
groups, t\g* digestion and circulation vessel s, still-heads. Husk* and returLs, 
crucibles and cupels, auxiliary instruments of all kinds, vessels for testing and 
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separating gold h an enormous variety of vefeaeL for distillation, sublimation, 
deliquescence, crystallisation, separation, filtration, + * doatillatio per lacinias,” 
arrangements for calcination, and furnaces of all h specially of the continuously 
burning type. 

Among the apparatus of Rudolf Glauber bis arrangement for preparing 
hydrochloric add is worthy of special note. It consists of a closed iron retort 
placed directly in t he furnace and fitted with a large glass globe covered with 
water, (. I limber's vessel for storing aeids, using a mercury seaL is also note- 
worthy. He also employed mechanical stirrers, 1 

There are many fine laboratory pictures from tills period, especially those 
by Errkcr, of which a laboratory for making acids and an analytical laboratory 
are the most interesting subjects. The great artists have also immortalised 
chemical laboratories in several instances, and although t hese pictures usually 
represent alchemists' laboratories, the usual chemical equipment is portrayed. 

We may mention the paintings of David Teniers the younger, at the Hague, 
Dresden and Braunschweig, the latter being the best from the technological 
point of view. There are also paintings by Adrian van Ostade in London, . and 
by Til. Wyek in Dresden, Braunschweig and Karlsruhe. There are st ill further 
examples, Teniers m particular having produced a number of other laboratory 
pictures. 

Finally w% shall give a general review of the npp&mim and equipment of the 
r he mist in the seventeenth century: this review was prepared by the sage 

Athanasius Kireher, and shows clearly what ike rtwmixt of this period really did, 
ami what hr worked trifh. 


The hfoi icu i:vr up Cie kmists in the Sixteenth an i> Seventeenth Centuries 

L A p^ircdns 

A. Furnaces: 

(o) open 

1 . A&wt iff f U rmie* s 

2 . Bellows furnaces 

( '* mentation fn mores 
Rerrrfnroiury ft* now ex 
Dissolving furiuiees 

for upward distillation and sublimation. 

dry : furnace with distilling flask or Mvutrtwth 
wet : Furnace with w'ater-hath 
for downward distil lot ion. 

(j&) covered 

1. simple : at honors 

2. compnmd : furnace with auxiliaries. 

J D[ft!y>iLji (purification of tmlta uuuig an ^ix.bladiW) wjm prflntifewl «if|y am S5kf!i H 



PLATE LM 

St Hi ■ h f/ji /# | tiiftti 

FrtiiH the HMn CQlHion, Hallo. 

At tin- 1 1 ij * ^ Inryw almibir uf tfr^rtinll jzlifcte from tin- phftrtniicy flt Malle, Itnliw on4J 

I>f pottery from Ei^nhei^* hjhI m the l^dltom nn nltmbin Ejindo of tin (with itetp) fram 

llrunii'lt. Thf two -rsNill akin ! h ■■ '.4' fk-uf ^(a-. on Ilia ri^lit un* fmru Zwi.-kau, nml iln- 
(with hmlren rlalivery lube) from Rodt. 
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Kor^epfii. 

3J, c^iizj II ; Sis*jh 

lore I It'rm, for riming up 
ii v^et by fusion. 

An mtheiitiftn' pvt vL-icTi 

a lutjr: in, i ho bottom 

ihnniph whJr-h I ho n cob of 
I hl' Vl^’l JVllrv^. Tlsi-H in 

suirru mull'd by n fin? Until 

thfr gift*!* bOt'fttiWM Bolt, 

whwi it U prowcd logatbor 
w\ih piiirorH. 

■4th >k'|uimloruiiu. Nopjinii- 
ing funuul 

43. Pyramn. Iron mould fur 
cart i n g a wfmEuri, 

I7 r CnirtblUion. iFuldmnithii 1 
rrtlfdhle mtu 1^ fcftm r-peotid 
May. 

47. Phioto. Phial for nidify- 
ing spirit* of wiiw* 

SU + ^ njjMrlliL, foul tonsL 

ii^, Vu- (’uprL'um Bfclneo 
Haris diewtain. Copper 
Teawl frit Use tus wuter- 
bath. 

Js!- ftyphon, Siphon of shoot 
motnL 

'► 4 , T^pu la. K jl r I- h ft li w n r * 

TlJ Lifiio, 

- 1 . Extfjptihnn, <* 3 a*s re- 
iH'iver for Ls-t 1 iit distilling 
spirit. 

M. CircuiBtortu.nl, Ciroutat' 
ing vos.-«i-|. 

14. ropicbik. Glare . i L ihIk^. 

ll . Aroulii. Hm Lull wooden hox 
for heaping dry anli- 
stance#, 

h l . Vikj^a dicalt ^irtioiii 
aquarium nh oleis per 
KJE>f L hjuiiiii. ViHsopeU for 

Lli^ Wiltc'J 1 Jind nil 
by m«WH of HttOD. Thr 
oil is exlrai-ted from tin* 
main vftBwl by iuhi« of 
cotton wick tun I runs into 
u ^nniil ntta-clU'ri to 

Lbe iits-k tif iho inqft' diet. 

Jo. Mola rhulytoa. Steal 
mills for pulvunffijig. 

J7* Tritorfimi. Fimmd. 

4, eooLifl, CXbmmI 

rtifll -hi ! ad without tldivm r 

tillin'. 

3, Alembic us. Still -head with 
Mv«T tuba, for fitting 
on lljLsks, 

1-j. Cqrnutn | Roto rt ii I. KolarU ipf gla,-^ or good CarllMitiWnns h>r tli*t 1 1 1 i npz. 

Jib CttlDU&i ( 4 »pol (wttAlik for dtlirr sand -hath or wHlor-tmihb 

7 P i 'tunpujui viln-n. i i|i!*> Im-II Jur* for jirH j ]iet tjillt npiritus sutphurui (liidpliiirii 1 artidh 
Eh 3. Variolic kimt- of funuwM' lu-^Oy fumoOH. wvc with ninaJior j r 

J-Vrrmu dlirfltmq riisrimiH-piiE'H Vitri-. Iron ink! rUmord for c-uUlH|£ glitt, (Tin 1 to 

}«t mi n i- surrounded by [ hi- red-hot mein] rirty » cold wninr fa thcji applied mid thi- 
jflir*- hn?nk* where the ring has touched it.| 


PLATE m 

UiUflt rtpp/ loner jr far n pharmnrwfm hilxiratorif in tk* 
«rrtfWScvji#A 

From " V« dlsl Andiid" nnd Nubniriit 1 Apt>tltHk^, H by -T. 
E£dhro^ier t pubiulied by DmuM Siirnbftg, H31+1L 
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B. Vessels 

(o) For heating 

l h Of specified material 
(ot) gfa** 

Phktte i cirrithifimj vessels, pdictms, dt/ota (double pelicans 
or <B brothers "’)* philosopher*# egg 
( 0 ) mineral m etaltic 

for refining (e.g- by Ary distillation) r 
flasks (vesica) 
boilers (ahenum) 
for Fusion 

moulds (infundibulum) 
costing- cone (pyramis) 
eartherunm 

containing the material itself 
for fusion 

m s/i cupels 

crucibles (ernclbultim) 
not for fusion 

c emmtotioft bor 
containing another vessel 
m mi -hath 
mujffe (tegula) 

2 . Of any material, 

ah' whir with delivery tube 
closed alembic 
flasks (cuvurbita) 
retorts 

(h) Not for healing 
]. Storage vessels 

receivers ( reccpta c ntu m ) 

dishes (concha) 

vessels for i rarmfeiring 

fun nets (tri tori tun) 

sr. pa rating funnels (sej jam tori 11113 1 


IL Accessories 

A. Instruments 

(ra) for use in Llie fire 

1. nucessary 

poker T a wit shovel 

2 , optional 

zputula. hugs, ladle t tjhss-c utter 
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PLATE 

vf IIJJ HtoJL-noti n ftri-tittff tiiii-fthfHrij t’ArW nV. 

TUt» nlw of tbbT picture Lec^ in the fact ihm wvn -nuil I ami uniinpcrfAFiK <kuil^ ure faith- 
tuMy pu|;?n h kti-ril . In l hi.- way iV'tH I'uwrm' which in nul tholight kmirtliy of nlititiun in 
tnal^r - |»IL the KlilrjjH'i-i, A ■■ i ong the mu re important ohjenl^ i3Iu-Tmum, 1 mr -t iLl-„ smHtinji 
fumm.i^ r muflh\ drcutiat mil vewarl. 1 Muoc’j- pkmliii-. Kithi. attv^-U fur pR>]MraEitm^ 

u jc U rluLrBi L ti h riir 1 i> L Moppchf, — | 1 1 - nml tihcfer thus. 

(//) nuL for line in the Hit 1 
wooden, 

Dyoptra (for protecting the eyes from bright objects) 
met a I lie r 

testing foil, mortar, 

B* Source# tif htui 
(rt) natural 

rays of the sun 
(i) iLilitirial 

for digesting (moderate) 
a f honor, dung-bath 
for separating (Rtronger) 
tl L*t Him t ion .ash -hath 
strong, indirect 

mnd-bath, hath of irwi Jitiwjs 
strong, direct 

coal jire + jlamcs. 
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The Operations of Chemists in the Sixteenth ani> Seventeenth: 

Centu kies 

A. t krniiml liberation (sfdntiofi) 

I. ( Vi kinathti (involving fl^omprwitiou. later womotinies termed oxidation) 

(fjji Corrosion 

L by mfffltr#, of adds 
2. by imim rfii&n , pouring. Il l ling up 
in the wet way 

ti moUja tun t ion . preei pi frit ion 
in the dry way 
Ctmrwtniifji i 

(h) Ignition 

1. combustion and ritrificatiun 
2 t reverberation und fitcincratitm 

I I. 1 y%$SfAtition 

{a) Sublimation 

1. by operations of short duration 
(a) deration 

iu the dry way 
tmhfimaHtm 
in t he wet way 

sliitlUhtion upwards with alembic or Hast 
sideways with retorts 

(ft) desc^nsion 
hot 

dmrnmird d i$l id fit ion. 

cold 

draining 

2, by operation* of long duration 

{%} ^ttUation (improvement) 

circulation (in a pelican or closed ulprnhiu) 
ablution^ by drliquescencs (delkj ilium) or filtration 
(j0) digestion 

putnf action ( ferment at ion J, eMraotimi 
(fr) Liquefaction 
L single 
2. analytical 

rnjtri list, antimony test 

B. C/i f tttk'al rwt*juhtthn 

I. by hmt 
ll r in the cold 

(a ) cry-titan iso lion 

{/;) septa rat ion from melts* 
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Fur c comparison we shall now give a third table, in whieli ihe operations 
of a chemist of this period urn represented somewhat differently, an attempt 
being made to classify them, especially a* regard* the changes of state involved, 
It b almost to be wished that a modem chemist would attempt n similar 
classification. 


Thz ehenii&t of 1700 prepared :~ 

I . L iq it id# f tom #oi ids * 

(a) by solution 

L with liquid solvents, in the wet way 





PIRATE LW 
Sifrrr fomftg-CUp. 

Begifttiim: of tk L uEntiiry. From Un’ C-uMtSo Muslim, H^rlin, 

Blsowu^ A V W-W of a Suborn! cry, 

2. by fusion with salt-like nr sulphurous substances, in the dry 

way 

(i) by extraction (partial dilution) 

(c) by amalgamation [solution and liquefaction of metals by means of 
mercury) 

(r/) by de)i(|idum [ deliquescence by atmospheric moisture}* 
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II- Solid# from liquids : 

(a) by coagulation 

(/j) by ova porating solutions (inspissatimi. abstraction) 

[r) by crystallisation 

(dj by pi redpitatioii (by the addition of chemical substances and 
solutions) 


HI.. He * tjiiir up &uhtrtrivce& (especially into their earthy, viscid and aqueous 
components) 

(a) by digestion (maceration, warm) 

(A) by fermentation (which give?! rise to alcoholic spirits) 

[r) by putrefaction (which gives rise to urinary ammoniac* l spirits) 
(dj by distillation 

L downwards }ier d&sce-n&it-m 
2 e upwards, from Husks 
3. sideways, by means of retorts 
( e ) by red iiica t ioi i ( ret list i 13 a tU ui a coin a I sat h a i ) 

(/) by dephlegmation (separation of va pairs by condensing the 
higher bulling Fraction) 


]V U //< tran&fonneri substance in virtue of their instability to tire, and he 
changed their stability to tire 
(o) by sublimation, giving 
L fine powders (flowers) 

2 . solid musses (sublimates) 

(h) by volatilisation 

(r) by fixation (partial or total removal of volatility) 


V. II c changed (he continuity {hotriagenmty), and in the case of metals the 
metallic character (e,g. ductility) : — 

(a) Vmdmvity uvis removed 
(uj by calcination (later termed oxidation} 

1. by heating in a flame (reverberation) 
m 2 m by detonation with saltpetre 

3. by heating with salts and sulphurous substances (cementation ; 
uLso corrosion of in etuis by sulphur, arsenic, salts, etc.) 

(6) by vitre&ction and by cupelktion (melting a noble metal alloy 
with lend in a cupel) 

{/S) ConAinnihf tniH rwUrrrd 

{a) hy reduction (recovery of metals from their calxes, also the 
reconveraion to their original state of other burnt substances) 
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(frj by revirifttetioii (in the caee of mercury this wo rd was used in jjIjho 
of reduction}, 

TJie attentive reader will lb til much valuable knowledge in the above 
table . 1 

* m Of Vh 1-iirlitH ilwI wit* xtill Hiflt iff flu* lUn-iontH, \ poiiwj r^mainnl L2 

24 lot*- m \ ■ I nil Inn-, 2SS -i-i ^ 1 1 • h 57ft tj 1 1 - j 1 1 sij. ^niitw, 

TIm« S'unibTg j h m ci h I tJt wjli [157-lHS and tho mmi 1 . 1 mr«» 2H-S ^rotn-s wlnlr tJu- 

Ymrtiim pound 3lU granr*. 

Tin 1 Homan rin-jutu n-n Volumu uw> «i*o n^*d. 
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THE FOVXDEK& OF SCIENTIFIC CHBM LSTRY 
From thi Middle t if tin Seventeenth to tin End of tbr Eighteenth ( V ntn rtf 

The chief characteristic of this period i.* that Lite scientific chemist acquired 
and retained a greater importance than the purely practical worker, It In 
therefore i iccessary in the first instance to n. insider theoretical chemistry - 

\Vt- must first consider new idea* about elements, which arc largely asso- 
i A a lci £ w it 1 1 1 h e name of Rf&r rt Bot/I c ( 10 27 1 til ( I ) . [It >y le ' s vie ws * m 1 1 1 ic elci i ici it 
concept arc dealt with thoroughly hi his work Thr Swptirnt ('ht/misf. IfiUL 
It should however be noted that Boyle's ideas never readier I the clarity later 
at tamed by Lavoisier. According to Iv and JL Fiirber. Boyle’s most important 
contribution lies riot in his ideas on elements. Inn in the methods lie employed 
in seeking for the unchangeable constituents ,h of substariees- Since lei the 
opinion of many, Boyle’s work prepared the way for Lavoisier's conception of 
demerits, the Hubject is one of great importance, Boyle attacked the 
alchemists elements: sulphur, salt, mercury ; and also the Aristotelian 
elements water and earth. Boyle states: 1 *' When a chemist analyses a 
substance by means of tire, the great analyst, then if he obtains jl substance 
which will burn and absorbs no water, it is called 'sulphur, If it tastes and 
is soluble in water, it is ‘ salt/ Anything solid and iiLsuluble in water is 
* earth/ Any volatile substance is described as 'mercury/ These volatile 
substances, often mbo termed 'spirits, must l Inis be classed as mercury, 
while distilled oils which are greasy and insoluble in water arc termed 
sulphur. Spirits of wine are however also classed as sulphur, though they do not 

1 Jkivlt? iinJ not ennFiid^r fi n* ji,i L . ru Itt- a uni versa L imulyaiti ^ nhlutugrh in nctiwt 

ftu 1 e it id if wo inclwlv t«mpntu^ much greater tlun llupe*' which D»ylf w** hbtu t*> iw‘lu 
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cpt of elo- 
vi jtv related 
they rmild 
ne of Boyle 
are loth to 


posses* the latter properties 
and might therefore be 
better described llh mercury/' 
It will he seen that Boyle 
es well versed in old views 
ii bout elements. However, he 
dew injustice to the scientists 
of antiquity, at least the 
more enlightened ones. Al- 
though many chemists (in 
particular most of the 
mists} limy have taken 
ord* “ mercury, sulphur, 
irttiLti and earth in a 
literal and material sense, 
tltls was not true of the 
genuine natural philosopher*. 
Boyle quotes a sentence 
from Beg ii in. the excellent 
French investigator and 
doctor, which shows clearly 
that ■"mercury^ Ls not an 
element in Boyle's sense of 
the word. Boyle must also 
have known the view of 
1 1 ie Amt* *t elui ns 1 1 lsi t t h r i r 
demen t $ ( wa t er a nd eu rt 1 1 ) 
we re ac tual ly oom pound 
substance*, md the same is 
true of ** mercury/* ‘"sul- 
phur " and “wit. 1 * The 
did not connect the 
elements closely 
that elements 
were nut mem selves complex 
substances, Boyle* mis- 
undenjtanding can only lie 
attributed to the materialistic 
views of the alchemists* suite 
{m we have previously shown) 
the original concent 
meats was 
to the view that 

not be split up. All I took* on his tori ml chemistry since the time 
have misrepresented this point, and even present-day chemists are 


I 1 LATE 101 

It Ttmnr mi Italian pharmacy itrfthHrtiih t*nt«ry\* 

Oil puntWH hy Ciio^pp.;. SinO. Durr CblliN'tjon. 
Stuttgart. 

In tJii- kjjrvuiid an b^Hitin| dMiUin| furrmi-f 
pm- 111** fumnr*i with n Urp 1 nmntw of alinibira]. 
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accept the facts of the matter, in spite of the foot that the disintegration of 
elements is now well recognised ! 

Accoiding to Boyle a substance b on element only if it in completely 
homogeneous Since the time of Lavoisier the world of chemistry has been 
under this spell. and not until the twentieth century was it shown that such 
homogeneous substances do nut exist at all. Nat lira] philosophers of all periods 
have been doubtful about such 
a possibility, holding that the 
concept of an element as 
sumet 1 1 i ng h umogeneous a nd 
indivisible was n fantastic 
idealisation. 

Since Bfsyle moved in 
circles of materialistic thinkers, 
it is clear that he will have 
regarded gold (for exaui pie) as 
an element, since he was nimble 
to destroy it. He did not. 
however* always express himself 
as clearly as this. and. later again 
rejected t i icsc met terin I ist i c 

principles ; thus he gives ns 
the true elements of the world 
the trinity : matter, motion 

and rest. According to Boyle 
all properties such ua colour, 
sine II. t as t e , st ate < i f aggrega I It a i 
could he ultimately referred to 
these three principles. In tins 
Boyle shows himself a# a true 
scientist. If we improve Ills 
three principles by omitting 
" rest M and allowing that 
matter is one of the manifesta- 
tions of energy, and can there - 
Jtiedi then we 

RRPi PPL P | most 

modem views on the subject. However, these won Is of Boyle’s we re 
uttered at too early a date to have an appreciable effect on later develop- 
me nts. 

In general the succeeding period (especially after Lavoisier) deals with 
purely materialistic ideas, at first chiefly expressed in terms of the phlogiston 
theory* This theory was not far removed Irorn Boyle's views. Thus he states 
that sulphur is composed of " spirit us vitriol! ' and a combustible essence; 
this is in the exact spirit of the phlogiston theory. 
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After 1 1 icsc theoretical consideration we must deal briefly with the actual 
praet ieal contributions of chemiatfi of Boyle’s period. J , J . Bee her (HHS-USfi!? i 
has attempted to give a summary of the substances known, but owing to his 
deficient knowledge the rcsti It is unsat isfaetoiy, He classifies the substances ns 
follows : — 

M ittirai (mostly ores). if date, in which he counts only the seven earliest 
known, and not antimony, bismuth and nine. These last three arc described 
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ss unnrraiifi. most of which are ores, The other classes are m ilia (salts), 
dtcompwitet (a collection of all possible inorganic materials), terra (mostly 
oxides), destillata (mineral acids, ako ammonia and spirits ofwme), olw (various 
substances, including oil ot vitriol, water-glass and turpentine), Hmi (various 
minerals), composition** (secret preparations). Only the sections miia and 
term are at all reasonable, the remainder being confused and useless. 
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Very much hotter is Beeher's iOnst rated catalogue to his “ LaborcUoriiffn 
porfatile/' whore he describes in words and picture# the equipment necessary 
for the ohemtet, Since the list mid the illustrations arc reproduced here, no 
flirt her description is necessary, HfetoricaUy it is of interest to note the 
mention of a laboratory overall, tobacco, tobacco pipes and theriak (as a poison 
antidote). It may also be noted that he prescribes three balances (one of 
them a sensitive analytical balance in a glass ease)* thus again disproving the 
view t hat balances were not used before t lie time of Lavoisier. 
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Schema in^trumentorvm laboraterio portal Hi imerventium 
(see Plato 1(14) 

From Tripiui hameticus (HiSd) by Johann Joachim Becher (1835-1882) 

1, Muffle (Fornix prabatorlus). 

2 , Cupels (Capella. Testa, Cineritiurn). 

3, Porcelain or glass dish ( Patella figulina vitrificatoria). 

4, (Minus (Pro iimdefarieuda calce auri vel argenti). 

5, Catmint prnhatorius (< "um fluxu nigro prsesertim pro eupro). 

(i. Crucible witli lid and stand (Crucibulurn cum operoulo efc predcstallo). 

7. Cementation crucible (Pyxis csementatom). 

8, Conical mould (Cornua pro fundendo Regain Autimonii), 

8. Mould (InCtuidibulum pro Kngonibns). 

I®- Mould (Infundibulum pro plumbu vitrificato eiuaque regain imbuta), 

11. Metal mould for forming cujtels, 

12, Mortar (Mortariuru cum pistillo) ami amalgamation mill. 

J3. Coal tongs (Forceps pro earbonibus). 

14, Crucible tongs {Fr>rrci>$ pm tigillis). 

15, Assaying tongs (Forceps pro granis argent i et auri). 

1U. Ordinary tongs (Forceps pro com muni usu). 

17, Iron rods for stirring (Virga ferrea pro movenda massa in cnicibulis) 

and iron instrument for cutting glass (Femmientum pro pnesoin- 
d end is vitris), 

18, iron ladle (Cochlear ferr. pro injiciendis spcclebns in crucibiiln). 

lft. Iron pan (Sartago ferrea pro caluinatkme Batumi et faefendis rineribu* 
Jovis), 

20. Chisel (Scalprum). 

21. File (Lima). 

22. Assaying brush [Scopse ex fills oriehaleeis pm mtmdandts gran is argent i 

rtn minibus jn caiKdla). 

23. Hammer (Malleus). 

24. Anvil (Incus). 

25. Vice (Helix), 

28. Tripod (Tripua pro vitris separatoriis el crutibtilis}, 

27. Sieve (Cribrum). 

28, Hare’s jtaiv (Pe* leporirms pro verrenrlw puke rib us). 

2ft, Eve shade (Cmbraculum ad vers us ignem). 

30, Trough (SituJa la vat or ia pro mineris), 

31, Shears (Forfex communis). 

32, Metal shears (Forfex pm lain inis nietnllicis). 

33, Bellows (Fell is), 

34, Wooden box for granulation (Pyxis ligncn pro granulationc). 

33, ( atimis (Cupreus pro calce argent i in sejiaratione jwr ft([iinni fortani). 
38. Rarthemvare dish (Patina tigulina). 
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37- Bucket (G&tintis ligneus), 

38. Cauldron (Ahenutu). 

39, Filtering bag (Mnnicn Hippocratis sive Empureticum laneum). 

40* Jug (Creeus). 

41. Analytical balance (Stiucrn docima&tica). 

42. Gold balance (Hilunx pro ponicr&ndo anro). 

43. Ordinary balance ( Bilan. x civilia). 

44. Parting Husks (Cru fibula scpanUork pru aqua forti). 

43, Distilling flasks (Cucurbit a pro deatiiiatione}. 

4I». St ill -head (Aleinbieus). 

47. Distillation receiver (Excipulum destillatorimn), 

4b. Glass receiver. 

49, Retorts (Retorta). 

30. Phials (Phiola). 

31* Philosopher > egg (Sublimafcorium (ixatorium vulgo ovum philcHG- 
phoruni). 

52. Funnel (Filtmtoriuiu), 

53. Separating; funnel (Sej nun tori urn pro olds). 

54. Florence thuds (Urootus vitreUS pru infiLsioncJ. 

55. Filtering glass (V it rum pro filtration®). 

58. Preparation glass (Vitmm pro reeeptiime et confer v,vtione liquor uni). 
57. Flat glass dishes (Petrine vitrea pro resolution® per dfiJiquiuni). 

5b. Testing needles (Adis probatnrk pro nuru et argento). 

39* Assaying stone (Lapis Lydias). 

60. Pig's bladder (Vesica Suilla cum volumine chord* sive lilumenti). 

61. Cork and wax (Sober et cera). 

62. Towel and apron (Man tile et prsBClutoriujn). 

63. Overall (Suparus sive Pcrizouta liueum), 

64. Theriak, tobacco, tobacco pipes, candles, hour-glass (Tlioriaea 

Tabncus, Pipa\ CandeUa, Clepsydra). 

Tills is clearly an excellent collection of the most important chemical 
equipment. 

As regards lists of substances, that compiled by O. Roth (1721) is mure 
noteworthy. Roth divides substances into <n!iw (saJina), including both 
salts themselves and salt -forming substances, #ulphurcou# (.sulphutea), i.e, all 
combustible substances, including phlogiston, ami ••arthtj fteme). I lie Inst 
class includes not only substances unaffected by heat, but also substances 
which are partly volatile when heated : this constitute* the weakest point of 
the test* Roth subdivides these classes further, as follows : — 


1. Salixe Scbstaxcks 

A. Alkaline (I) fixed (potash, soda). (2) Volatile (ammonia and 
ammonium salts, such a* sal-ammoniac and ammonium carbonate. Acid : 
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(1) Unchanged (sulphuric add, dilute and fuming, nitric add. aqua regia, 
hydrochloric add. also butter of antimony). (2) Sweetened by the action of 
spirits of wine (ether, ethyl nitrate, ethyl chloride). 

B. SaU-tik* : (I) Suita in the literul sense: («) fixed j common suit, 

sodium and potassium sulphate, saltpetre), (6) volatile, either partly (potassium 
acetate and tartrate) Or completely (ammonium sulphate, ammonium succinate). 

(2) Salts of the heavy metals ; iron and copper v itriol, verdigris, lunar 
caustic, sugar of lead, gold salts, mercury salts (sublimate, precipitate, tur- 
pethura). 


IT St LPHi REovs StrusTASOBs 

A. Liquid, raid tilt : (1) Distilled oils (ethereal oils, combustible oils), 
(2) Combustible spirits, (w) by simple fermentation (spirits of wine and other 
spirits). (6) by Fermentation with adder! drugs containing ethereal oils, (r) 
extracts made with spirits of wine (perfumes and liqueurs). 

B. i^daiUt. mUphitreoiut ; (1) Essences and extracts from vegetable 
sauries- (2) Oils obtained by pressing. (lij Solid substances (resins, solid 
organic substances, unfortunately also sulphur and phosphorus). 

111. EaUTHV St'iiST.VVt’ES 

A . ( 'ftm pktely fixed ( hea vy met al ox ides, bu mt lime, bone ash ), I i , Partly 

i-alatitited by heat, i.e, imrimony and its compounds. silver chloride, lead 
chloride and most ’ precipitates “ (i.c. precipitated substances insoluble in 
water). This is tlie weakest part of Roth s classification. 


The Rjii.oGisTtiii Theory 

The phlogiston theory, which flourished through the greater part of the 
eighteenth century, was largely founded by t.ieorg Ernst Stuh! (Hjf)U 1734 ) 
Thus theory is also fundamentally a materialistic one. It states that nil 
combustible matter contains an invisible and imponderable substance termed 
phlogiston. When combustion takes place the phlogiston is given off, e.g. 
when copper hums to give copper oxide, phlogiston is lost from the copper! 
Applying Boyle's concept of elements, we should thus regard copper oxide as 
the element and copper as the compound. Converse] v, phlogiston can he 
given back to the copper oxide bv heating it with a substance which is readily 
combustible and hence contains a large supply < if phlogiston, e g, carbon. We 
may note how the phlogiston theory lends support to tin views of the 
n [chemist a. 

It should, however, also he realised that by means of the phlogiston theory 
it is possible to classify a large body of oxidation and reduction phenomena 
from a single point of view, and in this way to " explain ” them. There is thus 
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not the slightest reason for ridiculing this theory. especially when we consider 
that it wos supported by great men like Cavendish a ad Seheele. The 
phlogiston theory slied the first ray of light upon a mass of phenomena in a way 
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which Boyle was quite unable to do, ami it docs not therefore represent a 
retrograde step, but a very considerable advance on Boyle's views. 

At this date it must have been known to all chemists of any iinjx>rtaiire 
that substances became heavier on burning, in order to explain this fact the 



12*2 


PICTORIAL HISTORY OF CHEMISTRY 

adherents of tlic phlogiston theory harl resort to all kinds of wild theories and 
false deductions. TLius. according to Slorveau <]7f>2} phlogiston is lighter 
than the air in which weighing takes place, so that when phlogiston is lost the 
substance will become heavier (!) Ciren states that phlogiston has no weight 
at all, hut a positive “ lightness ” which U able to deprive the metals of a part 
oft heir weight. 

Tht nature of oxidation and ctnnbtwtion anti the intrease in i ceitjhi w inch is 
observed were first completely explained by Lavoiek-r, but he had forerunners 
in this respect. We have already heard of Jean Bey. van Helmont. etc. 
Walden also mentions (among others) Le Febure (le Fehre), who. in i860, 
observed the correct increase of weight in the tom bust ion of antimony. 
Tachenius ( ltieO-1806} did the same in the case of lead, and also J . <T . Berber 
( 1669). 
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3, A iihH-IX? aufToriiU^ \n n roniint'd quantity uf Air : ilir nir rvmimimp Itrliavi-* a* m * h* jin-cediug 
eipflrinnnlf 

The most interesting ofsueh experiments are those of John Maymr (1060)* 
He explained the increase of weight by the absorption of t tio " nitrons eonsti- 

I I lent 1 1 o f air by the met a] . Th is is ex actly rig lit if we undent* nd by ‘ s n itrt sue 7 ’ 
any substance which gives saltpetre its oxidising power* Mnyoiv Inv estigated 
the matter by experiments with fiir in winch a candle, a mutiny or nitric oxide 
produced from iron and nitric acid were confined over water in si bell- j sir. 

The increase in weight on combustion was also observed by Boyle. Unfor- 
tunately be gave a wrong explanation for this, which Walden has rightly 
described as a backward step relative to M&yow. The same is true of Lemeiy, 
Kuni'kel' Marggmf. It was not until Priestley discovered oxygen ( 1 T7-I) that- 
the autiptaksgisfcic system really began in April, 1774. 

Lavoisier was the first to carry out a thorough and successful study of 
oxidation and reduction phenomena (though we may note that in 1774 the 
French pharmacist, Pierre Bayen, taught that the increase in weight during 
calcination came from the air). 
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In order to clear up the question finally p Lavoisier burnt numerous sub- 
stances in confined volumes of air, and observed the change in weight when 
combustion woe complete. For example, he burnt tin. mercury P sulphur, 


plate in* 
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(UiHplfu, 1 t-nttnt uf water, J 

phosphorus. hydrogen and carbon, including diamond, In many oases lie 
supplemented his exjicriments by de-oxidation (redaction), during which he 
discovered the famous reduction of water by means of hot iron, and 1 he reduc- 
tion of metallic oxides by hydrogen. He established the fact that breathing 
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consists of the uptake nf oxygen r and was the first to interpret the well known 
experiments with air (Muyow. Hales* Schcele} in terms of the a iui phlogistic 
theory. (Jombuations ary not decomposition*. but combinations, and it h the 
oxygen of the air which combines with the burning substance. In these 
experiments Lavoisier used not only the balance, but a bo vessels for measuring 
gEiaes, and he was aide to show that the increase in the weight of the aubstance 
burnt was exactly equal to the amount of oxygen absorbed. 

It was also Lavobior who cleared up Boyle's rat hr r vague concept of 
elements. With the exception of L heat " and “ light his table of elements b 
still valid to-day. At that date it wsis not possible to decompose potash, soda 
and baryta : nevertheless, Lavoisier predicted that they could be split up t 
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although he did not make the same prediction for lime, magnesia, alumina 
nnd silit-iin Otherwise the table still stands, i.e, acid- producing element 
[oxygen}* azotic element (nitrogen), hydrogen, sulphur, phosphorus, carbon, 
marine acid element (chlorine wns then considered to be an oxide, a mistake 
first rectified by Davy), fluorine, boron, antimony p arsenic, silver, bismuth, 
cobalt, copper, tin, iron, manganese, mercury. molybdenum, nickel, gold, 
platinum, lead, tungsten and zinc. 

The elements are the primary substance*. After them come secondary 
substances especially tbeir compounds with oxygen (oxides) and the acids and 
bases derived from these. Then follow tertiary substance*, j.e. those formed 
by the combination of acids and bases, mainly salts, 

Lavoisier's systematic tables represent n masterpiece of the highest rank. 
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and in virtue of these alone he must he reckoned as one of t lie brightest stars 
in the chemical firmament. He may well be regarded m one of the founders 
of modem chemistry. However, there is some truth hi the view that his 
activities may in some respeets have retarded the development of chemistry. 
Thu* Walden hm rightly stated : ‘ The antiphlogistic- school of chemistry 
claimed only to deal exclusively with ponderable substances and the splitting 
up of these su balances- Tl tis represents a one-sided view of the subject* 

alt hongl] there were (and are still) many to maint ain l fiat Lavoisier's chemistry 
represents the final goal of the science. It must not he forgotten that it only 
represents chemistry regarded from a materialistic point of view, in the light 
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PLATE 100 


Ttihte a? ij/N( it*/ — iVfppnim/ Bttqmm i « p, 

tknffivy'fl table o t affinity piibli&heil in 1 7 IS in the itwnMibw nl the F*n« in , tn.U ray. 
Tht! In hie vrah. arran^HJ nti ihiii the affinity In-tmca two pulwOmm* hi the Kftine verticnl 
rolimut dwwsiHN with (finvuti jn^ diatajict* oelwmi ibfjpi, thw tnble repnsrnl* one cf ihr 
firtit attempt* to ihmiv Lii£ thl on i-ht-nia-al affinity. 

of a itmterinlbiic concept km of the world. In fact to-day we only regard 
L&voigier’s element* uls specially stable configurations of a few kinds of energy 
centres, and the concept of elements in the sense of Hoyle and Lavoisier is really 
completely overthrown, since it has proved quite inadequate os n strict philo- 
sophical concept* The old element concept lias; lasted so lung merely because 
the relative weak energy sources available in the p^ust were not sufficient to 
produce any noticeable disintegration of the elements, and because the balance 
is not a sufficiently delicate instrument to detect the intorconvereiori of matter 
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and energy* It Is provable that In the future it will be recognised that the use 
of the balance retarded the development of theoretical chemistry more than it 
promoted it. 

The law of cwiaervation of mass (which La vernier brought into prominence* 
though he did not first propose it) was really a mistake- The energetic aspect 
uf the subject w m neglected in favour of the materialistic aspect for several 
centuries. It is the duty uf chemical historians to call attention to this 
unfavourable aspect uf Lavoisier's work, 

Chemical affinity had, of course, been recognised at a much earlier date. 

I ilauber carried out experiments fur comparing the “ affinity of acids for 
metals, Stahl gives a kind of displacement list. However. tJeoffruy was the 
first to publish an affinity table ( 1 7 1 K. in the Proved intjs of the Fv&ntJi 
Aaithmtf), embracing a large number of substanow, including non-metals. 
The table (sec Plate 10M) Is eonBtructed hi such a way that the affinity between 
two substances decrease h with increasing vertical distance between tlicm. 
The table can only be regarded as an attempt, but prepared the way tor the an ore 
accurate: affinity tables of Heller t (170(4 and Itergmann (1775}* 

Examples of double elect ivc affinity ” were also known from an early 
date, of which we may quote the following examples : 

Ulftuber, I 860 : common salt + lead acetal e - lead chloride + aocUuni 
acetate. 

Taelicnius. \rm : ferrous sulphate ■ potassium carbonate potassium 
sulphate + Ferrous carbonate. 

ihiytfw, tfM : js>tassiimi sulphate 4 - calcium salts (chloride nitrate, 
acetate) - calcium sulphate -j- potassium salts. 

black, 1754 : magnesium sulphate — potassium carbonate — magnesium 
carbonate + potassium sulphate : magnesium carbonate + sal ammoniac — 
ammonium carbonate + magnesium chloride. 

Hagen. ]7<i8: sodium sulphate ■ potassium carbonate = potassium 

sulphate sodium carbonate. 

The law that the read ion of two neutral suits leads to neutral substances 
is often said to be flue to Jer s Beuj. Rk-htcr. hut it cannot be attributed either 
to him or to Wenzel* since it was a well-known feet at that time, 

Knowledge of xtoitfiifvmvtrk rdrdiW* also advanced during this period. 
Boyle and Ijtunery used the correct quantities in their chemical experiments. 
U‘mery gives figures fur the amount of silver chloride precipitated by sodium 
chloride, the amount of mercury obtained from cinnabar and the amount of 
potassium oar Inmate obtained from saltpetre. According to Walden his 
values are so accurate that ii is absurd lo maintain that chemists of this period 
had up ability for or underutandirig of quantitative work. 

The- pharmacist Sigkmund MarggrtiF i I7UU wjh a master uf quanti- 

tative analysis, as is shown by lib silver anabases. It is. however, a mistake 
to assume that he was the only worker of the period posseting sueh knowledge. 

The taw of r&n-#tun l j/rupwltmix weis. however, firsf worked out correctly 
by C. F. Wenzel ( I740-17U3). The feet that Wensud was jm adherent of the 
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phlogiston theory does not detract in the least from hi* achievements. His 
chief aim was the determination of combining weights (be, equivalent weights). 
According to Walden the values he obtained for some metals (expressed in 
terms of our modern system) are Cu fil. Ft 55-25* Zu 55-5 (instead of Cu 63-57, 
Ft 55-84 t Zu 55-37), w hich values are astonishingly accurate. 

The equivalent (or atomic) weight of sulphur was foil ml with great accuracy 
by analysing its orimpoimds with topper. iron, lead and silver. Instead of 32 + 
Wenzel obtained the values 3‘2 6, 

3 3 - 3, 31 -5, 3 1 -ft . T I it eqttivakn t 
weights of lead anil silver were also 
i let er mil led wit h cu nsidei u hi e 

accuracy. His analysts of metallic 
oxides reached a high degree of 
precision, lit also established the 
comet proportions in the format ion 
of neutral salts from acid* and bases. 

Attempts to determine these 
last equivalents had been made 
previously by Homberg (1GU&) and 
Phimer (172UV Thus Plainer 
neutralised potash with hydro- 
chloric, nitric, sulphuric mid acetic 
acids. 

It was. however, Wenzel's 
thorough experiments which antici- 
pated Fiie liter's ueutra bant ion law. 
i.e. if one and the same quantity 
of an acid is neutralised by different 
amounts of several bases, then 
these amounts of the bases con- 
cerned are equivalent, and will 
require equal amounts of another 
acid for their neutralisation. 

The general content of the law 

of constant proport la&s was first AnL anutNj * thydmmei ** ; d* 

I - * 1 r | Pbummcfot iwsj 

Mat ed clearly in words by Joseph Fl.t sulr ju.iJ ilImiIiliUp mutim,. 

I jouifi Proust [ 1 754-1 826), though 

he would probably not have been able to do so without the analytical work 
of Wenzel . 

The law states that when substances unite to form compounds they tit? so 
in definite and fixed proportions, amt that in chemical deeom|K>.dtiQttS definite 
and fixed weights of the decomposition products are formed. At first this 
law was regarded with much suspicion, since there arc many borderline cased 
in which it is difficult to distinguish between mixtures and compmiirLs, 

Thus Proust had for several years ( J7£tf*-lfMJ5} a verbal duel with no Icaj 
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rt man than Bert bo Hot. Proust won. RorthoILet's point watt that the quami- 
tntjvt* course hi! a reaction is often affected by other far tors, such tvs the time 


Gasentwfcklungs - und Auffa nga ppa rate 


von Stephan Hatea 17£7 



AritS'j! 1 um d't Own 1 ! V Li.-f? Auteui -nde?. 
i < 3L3 rrwi Harper Dfi Ertiriaen h t 

■ T -r i-VT.J t Gsf 1 ■ JTTV * "jT-M-V 
V- JCH-’' t nsFA*} Idr^-n hr jAf %«^Tn 

, 1 * -Sr' dUirt yj 

f.jvnp- .'hriiyr m 

L-brjhje'r.Jt,.’: f’ ■i-ry* f mtttf 

-ir *"ir*TV. 4it± iluw Ur-jP-fr j J 

«• .« iSi* 




■ja jng sapper it 

6 DJW-Vr Jjj 

wf *•* ■:>r ~ l j \jj (-> jo- ^-r ’ . 

Jr' 



^M^ng MT feiVwranrtU^gririffrPfcrjM 

Pder tco Ktwtfl u«d 5a lp**rr aefc- tfjJfSti 
tie* Tkefc ■^ffrbfBgchfert iul> 

- Ji 4toK**n >1 rtr ArtW iwdW^M . 

rj m OfciWtt*#* (*^T 

■Slij/- fep & J f i fmfMtrV Mt* 

hmitf .-A,-- 7 V-i^>- 

L Jr LrtV*¥ 


SflMntrtlcKJunga und 
AuTf^ng ApflaraF 


rrBUbrlf jweww-r %HrtaTrt-. 

i !■— h . j a-JUi aJ-Au J U-.M. 

jprrf . -&r iFT. y «ri#v 

Jibftr, jrjr 
Ji G Ifcrvn re-- 


Pt*ATK Hi 


,■1 ppa rvlr/H far tWjtvinp awf CfjW<r|l>*r/ {Sfrjdtf'H iftllz*, lf27l_ 

Th*> of' ehinnkiil appartUun for working will? gu-j-" aro to lm found in the Apparatus 

for preparing and enllivting go^ ileviwd hy Sumhoo Hell* 1 1^77 I7d]), Hair* was lira 
Eirhl io colliriM L r i L '*i ft frl ii vrwHel fiLM with water ami [n verted over water. The apparatus for 
t-plketirig the l^hM Ijo separated from th» ovohiLwui apparatus. 

Apparatus J<& fiwfwit th' quantity o/ ff»rert 0# on Affray rt 
r Snndl n-lnirlr >■1+ ft Liliir--^ v^k with a hole «t the I.H>Ltom. At o they are hil4.il 

tdgetlicr wit>i rt rf merit of ehiy, mim men I and hair. The huSh eh ‘Jiipp^irUNl hy s,]virtt| plkjcen 
of woodr w, : Siphon -tike tutw. iTIw m^vetr wn^ itmiiemecl in water hjh 3 tht 1 grti wiwrged 
thr^jii^lf tht> ttiphon. Tin- Tiphuii vw ik'n removed th?it tin 1 mtor iiuuntAkiwd the krvol 
j, j- Trough 

Apporatu* for yrNt rr^/utiort. 

Ij GIohh ihuk with thr^ liubwtaiico for evolving the gfw- rj. y i l ylinclrr, i # Troughs 
JJrOirMrt J FN< , ni’ ttir "i> fty fftr C&mbuAtivn af wnfifo*. t>r ryj fttlphtrf find wftpclnr : or 

by f/jr hfWMlhif Vff Tif 

i j Trough emtlAitdng rt ftmwJJentttilt. i =, n ri li W h^lhjar. The air in nnvioved frum I hr 
brU-jiir (lh for tur : i by a rdphoft, Utiing either hollon^ or HUEttfofl hy thn^ month. Phosphorus 
or ptiptw itopregriqted with •■iulEpyt.n.^ can 3 h- Ignited Ujidor the WII - par by a bumiujE gla.-ta^ 
ApptmBu* Jfor nw/fiucr «ik# or^fec^pyr ernflve. 

f r Bi-tort i] ijl 1 - l j mil of rt mrt-ket ham'i. with, u Hl|lhoA-dtapod loadfiTl tubo fixed into it. 
x x Wutft trough . o Ij Receiver. 
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and She slate itn d amount of the siihstaiii^. Like many other chemist*, lie 
could nor at first understand that the law of enlist Lint proportions is not affected 
by these considerations * since the amounts of the substances which finally 
combine are always in a fixed proportion, independent of whether the amounts 
are large or small* 

Our general considerations can now be extended to include phj/akal 
rhew wiry. 

The foil owing phi/Jiiro-rhtmiral obisermtims are worthy of note in the 
eighteenth century i- 

Rcamur knew of the volume rkaflsjt accompanying the mixing of two 
Liquids, ami Geoffrey observed the hetri srolufifm in the same pfoce^. The 
dependence of solubility on temperature was recognised by Eiler, Spielmann 
and Lomuiiorttow'. 

Gases were weighed and measured by Joseph Black, 1755+ The first 
expert in gas chemistry was 11. Cavendish. Black worked chiefly with carbon 
dioxide, and Cavendish with carbon dioxide and hydrogen. 

After Thtikle { I G03) r hijtfromrtfr# were specially used in chemistry by 
I dles Fcrsone ( 1 06:5), Fahrenheit {1721) and Baumc {17G8). The pyenu meter 
wah used by Homberg (1609) P Hydrostatic weighing was employed by J, Fr, 
Brainier (1771). 

It appears that the first to use the therm&m$tiLr in chemical work was the 
Frenchman* Le Febure (In- F£bre)+ 1660, Boyle used it extensively. His 
I Huling- jmiid values for spirit, water, nitric acid, sulphuric acid and caustic 
soda ure in some eases excellent. The thermometer was very frequently used 
by Boerhaave, Joseph Black and La voider. Dutrone ( ITKti) measured the sugar 
content of solutions by determining their boiling point. 

Electrochemistry also had its beginnings in the eighteenth century. Coven- 
dish used an eLectrie spark in I7S3 to explode a mixture of hydrogen and oxygen 
in a eudiometer. In 1787 lie prepared nitric acid from air by means of an 
elec-trie spark. In 1784 Bert bo I Let decomposed ammonia gas in the same way 
and thus analysed it r 

In 3 78U Deiimmi and Faets van TrOOstwyk decomposed water by means 
of frictional electricity. Somewhat later, in 1799, the great Ateesandro Volta 
discovered galvanic electricity and made the voltaic cell. This could he used 
for Iiumerous elect ruche mica I experiments, which were, however t mostly later 
than L 800. 1 

Cutfihftir phenomena were involved in the preparation of chamber sulphuric 
acid and of ether (after 1540) t and also in the preparation of ethylene from 
alcohol (Priestley, 1783 : Deimanrn 1795), 

One of the chief features of chemistry in this period was the foundation 
and development of the chemistry of pa££& T although some steps in this direction 
had already been taken by van Hehiioiit, The most important experiment are 
those of J. Mayow in Ififiu. winch we have already mentioned. A candle 

1 it** litnp(mcn tiry in n vacuum) wiwiliflcevimi by rhrkrtwi WlflkW 

in 1 14'1 £ though Hftukobra \n ITO-i had obmrVod Mhp lumil u-u tmrtr of an cvnctirttH'd gifts* globe). 

K 


r u.c+ 



PLATE ii± 

Appnmtu* fmm T* ikf$rmrm r I7. p i2. 

1, Prv parnt iliii of carbn diosirk’ fn/uii I'lik'-njar and Nuijiliurip urid, 
i A cnnd^ cstingiiKiH^i in i’hrbon drsJ\Lik\ 

3. A fln*k hiring filled with carbon dfoxitta- 

4. Flunk for evolving carbon iliosiiU- Tr**m y«t*l mail ^updr, 

5. Vc&sct for Gba#>mn§ the rlTi^rl of rarbon dioxide on livtiiLT tiling. 

the action of iron on nitric acid, and found that the water rose in the bell-jar 
owing to the combination of the nitric oxide with the oxygen present. At this 
t ime a con rm tent a ppa mlus jor th e e vol ti t ion a rid collect im of rjayte f was not k no wn F 
and it was the Englishman. Stephen Halm ( 1 G7T— ITts I ) who first discovered the 
well-known method of the displacement of water in 1727. In the simplest 


form of Apparatus the evolution flask stands in the water trough, and is sur- 
mounted by an inverted gas-jar filled with water. In a more convenient form 
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the gas evolution vessel is separated from the collecting vessel and only the end 
of the del Every tube passes sutler the receiver filled with water. Hales repeated 
Mayor's experiments, and also burnt sulphur am I phosphorus under bell -jars. 

Males' apparatus was modified in many ways, e.g. by 7\ Jienjmmm 
(1733-1734), to whom are probably due the oxper imertta with carbon dioxide 
which are now carried out in every schoolroom* He prepared carbon dioxide 
by the action of sulphuric acid on ealcite, 1 and also by fermentation with yeast. 
The further manipulation of the gas was done with pigs' bladders. An 
apparatus for expelling and collecting dissolved gases from mineral waters is 
specially noteworthy. Hales also prepared artificial aerated water. He used 
measuring cylinders for gases. Similar arrangements were used by //. 
Cavendish f preparation of carbon dioxide, manipulation by bbtddens. preparation 
of bicer bonates)* Among his most important contribution* is the eudiometer, 
consisting of & graduated tube with two wires fused in for allowing an electric 
discharge to act on the confined gases. (This method was probably first used 
by Watson and by Mol let.) He also knew arrangements fur weighing gases. 

Hales' apparatus could not lie used For collecting and observing gases which 
are appreciably soluble in water. This defect was first remedied by Joseph 
Priextl&f [1733--I8U4}, who used mercury in place of water for collecting the gas. 
This alteration made it passible to extend investigations Lei gooes soluble in 
water, and the technique introduced by Priestley ha* not lioeu improved upon 
to the present day. 

Many of the permanently valid principles of analytical ehtmixfry w ere also 
discovered in this period. 

Analysis in the dry way was already well established, and was still 
further improved. This is illustrated by the book, Elemtmta Art i* Doci- 
ma&tiar (1744), by the skilled analyst Johann Andreas Cramer, whieh contains 
detailed illustrations of all the apparatus used. We again find assay furnaces, 
crucible#, muffle®, cupels, moulds, parting flasks, cementation boxes, ete„ but 
in addition to these use was made of the blow-pipe ; this had been used in 
metallurgy and wo* probably introduced into chemistry by Andreas von Swab 
(and later by Cronstedt , Henckel etc.). The illiiNt-ratfcm of Engeatitim . » pocket 
laboratory (1774: Plate 113) gives a good idea of Urn field, ft contains blow- 
pipes with wind reservoir, hammer, anvil with ring, wax candle with holder, 
forceps., hardness tester, magnet, file, wan hing trough, testing flasks, silver and 
golden spoons, carbon, and small bottles for holding the dry reagents then used 
(soda, borax and microeosmic sail ; later also Cobalt solutions}, Rergruuiiii s 
*et of apparatus is simpler, comprising only blow-pipe, hammer and anvil, 
candle, forceps and silver spoon. 

There can be no doubt that the blow-pipe was a great convenience to the 
chemist + specially since It made possible the use of very small quantifies of 
substance. Instead of heating the sample in ft crucible with a coal tine and 
bellows it c ould now be heated on a small piece of charcoal and subjected to 

1 TM> method was nbi* sifcrii by Job. Bcmoajlli m IftBO (cl in lk -r *u l|4nirir- ftdd). tlklttgh it 
i^iinpuHtiibb tfi emy wbrtlu»r bo diMflv^red it. 


m 
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the oxidising or retiming Action of the mouth blow-pipe. The bellow** blow- 
pipe Used ill gloss -blowing was also used in analysis. 

Kergrnaim ami On bn characterised (lie following elements by their 


G von Engestrdms Probiergerat 1774 



pm^UudHo-ra oten iodine iff 



PLATE 113 

Qualitative umilvhw of £u lift ton ito in the* dry way wr* mufh 1 n*.-i Lit nt+'i i ht r I n- troginiiiri# of 
tl3i> eighteenth eentUry by the -introduction nf h]o ur -J pl| m-* nnd tu'et^u PractuaJ iiwlnijc- 
liuiL f'Jr \ h*- n-M- nf ibrm- wu* pivnn by thi- fi, v L EnRBetrc-m in hi> " 

Tftnd.’h™ Liibonuorimn r ’ puMinljiHl at (HOfi-l 7S^ r 

fj, pt>j-i ttti'iiyf wtl fijMi/ajjifrtl i 1 774 J. 

Pcwkct Ubomtorv, ti Was eaijil]c_ fi Koroepta.. c mnd t\ UJow-pipOft. / Kcnall bottles Tor borax* 
And lairrtrf’numii- ij Himmror. i Mi^nifyfag gliL^ L- Steed for t^iny butiw^- 

I >hipn Li rn Pit« + n .SlHt-l pltkiHv, w Iti>fi ring for putting on the plnte. p ilihI q riwull^tjek, 
plrtn till i i etovRt ion, 

I liiow-pijHi wit it hallow *|i>roro (I ami imrn j w nri flep b . r J^i u *i<x>l win? jmmng through l h«- 
-run N oprnihp: r of the ring /, fi-imrE u-*i| lo dean tiro djroitlir* *>. 

2 F 3 The blnw-fhijne liiamanllAid n r ^iLvi-r), 

I Testing Plank. 

Whkdiinff trough { I inehen joitjr). 

behaviour on charcoal under the blow-pips : gold, silver, lead, copper, iron, 
bismuth, nickel. cobalt, arsenic, antimony and tin. The reagents used were 
those mentioned above. The use of a head of inimicoainir salt was introduced 
by Marggraf. 
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Apart from the older examples already mentioned, anattfsi# in fh* urt 
was largely begun by Robert Boyle + It m s also lie who introduced the terms 
analysis, reaction and reagent in t he chemical sense. He used litmu* [and also 
the tinctures id violets and cornflowers) for detecting acids and alkalies. He 
abo used test papers, He pmctbed the following tests : sulphuric acid by 
means of calcium salts, hydrochloric acid and common salt hy means of silver 
solutions (of. T&chenius), ammonia by the formation of fumes with acids amt 
by means of mercuric chloride, copper hy means of ammonia, gold ami silver by 
means of mercury* iron by means of tannin (cf. Pliny) and with a magnet. Ho 
separated silver from copper in solution by precipitation wit It cupper, and 
differentiated between fixed, volatile and carbonate alkalies, the latter by their 
eflerve&eenee with acids. 



PLATE 114 


liloir-pipv outfit of T. Hergtrinfl n . 

I, :mcm.pi|k% 2 . Silver S, C 'juuIWe ii-li with vnx nr t«lbw i-midlc, 4 Hkiiumt'f, 

a. Anvil . 0. TWflfflfi'trS. 

Bergmami added the following reagents to Boyle's list : extract of Brazil 
wood for alkalies, fem>cy ankle for iron and copper (cf Marggraf). sulphuric 
acid for barium, nitric acid for sulphuretted hydrogen, oxalic acid for calcium, 
potash and caustic alkalies for metals and ores, lime-water for carbonic acid, 
barium chloride for sulphuric acid, spirits of wine for separating salts, mercuric 
nitrate, corrosive sublimate, ferrous sulphate > lead acetate, liver of sulphur, and 
alcoholic soap solutions for testing drinking water. Marggraf distinguished 
between the Haino colours of indium anti putmdmiL and also introduced the 
miemsrojie into analysts. The reagents used in gu# ttouilytti* (by Kchecte and 
Priestley) were lime-water and caustic alkali for carbon dioxide ; liver of 
sulphur, ferrous sulphide, ferrous hydroxide. phosphorus and nitric oxide for 
oxygen. 
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In 1048 Boyle carried out analyses of drinking water and mineral waters, 
and also determinations of specific gravities. Friedrich Hoffmann tested 

mineral water for car- 
bon dioxide, common 
salt r iron, sulphur and 
copper. Marggraf de- 
tected Iron by means 
of potassium ferro- 
L'vunide, and Bergmano 
determined the hard- 
ness of water with 
alcoholic soap solution. 

M i n e r a I s>g i ca I 
analysis was the ■work 
of Bergmaim and his 
coll abomt ors, Hot h 

qualitative and quan- 
titative analysis lmd 
readied such a Mgh 
level eh the end of the 
eighteenth century ie.g. 
Klaproth. 1743-181?) 
flint inorganic analysis 
had probably advanced 
as far as was possible 
with the methods then 
available. 


Chemical Symbols 


We have already 
mentioned tlie large 
collect ion of vl le mica I 
symbols given by 
•Sommer I iofI in bis 
lexicon. Similar sym- 
bols were also used by 
Beefier and by KunekeL 
but the mom important 
i he mists of this period 
made little or no use 
of them. Tims Turnery 

(in his text-hook of and Roerhaave (Ekmevta cftentt<r, 1732} employ only 
the vigils of the seven metals. Geoffrey, on the other hand, uses symbols in his 
table of affinity (1718), including some for acids* bases and salts, although he 


plate ns 

Jnlwirui t'hrirAoph ^oninierJioff. pbrriiftr^t in Ntfu-HflnaiJ, 
bom January 3rd. 1044. Hi* " U’Kii?oh p hAnoueut in- 
ch v-min-iin ’’ (puhlLih^l 3 Till at Niiirthvrtf, ywohii edition* 
ITI3> Lh the i '£ i l *> t fruitful amifm uf cunLomporriry b ■! i ■ *■ ci 3 J f u-1 

and phuniLrii'e-inii'Jil fton*ciiHiitiiJV. 
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does not appear to have devised them himself. Rergmsiun. however, published 
in 1775 a List of fifty-nine different symbols partly of JiLs own devising. He also 
used them in his affinity table and to express chemical transformatioiin. 

Alt hough the phlogistic theory demanded that the metals should be 
regarded as complex substances, the symbols used for them are those of single 
substances: in fact, Bergmami represented the metal calxes by attaching a 
special sign devised by hi in to the symbols for the metals. 

The symbols used by Scheele are shown in Plate I IT* Lavoisier made 



fV'frr f 

Jt*i r ir 

Jj-JL- - ’ ^ ^ ' > 5 ^ 




3>oit lxT av i1<L, S 

nmg $cr gweinfttn ^ 

Afl! rfWFtfl^l „ B 
Al\l T Lm 

IAjt^ . 


_ 'U“ 4-li _ 

Ji.tr"* $ fwrf 

^ & jiip ■ 

** ^ f * - r 

r* -tK i i M i- rj gj** SjiW . ^ 


PLATE I hi 

Tabu of Ht/mhitlii from S. l-imr-n/i “ Can™ th t 'hifmie." 


experiments with ft system of signs to include the quantities taking |wirt in 
chemical react ions. I nit they were very clumsy to use. Hfmeiifnttz and Adft 
(1787) introduced an entirely new system of symbols which are the direct 
predecessors of the Berzelius symbols still used to-day, They used the initial 
letters of the elements, adding a second letter when necessary, Like Berzelius, 
they used symbols to represent not only elements, but also parts of compounds 
(radicals). This wise procedure might well be adopted to-day in plate of the 
laborious method generally in use. < It was lacing who first brought such 
simplifications out of fashion. J 
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Hasscnfrata also surrounded the letters by n geometrical figure, Elements 
were denoted by a i.-irt , le B acid radicate by a square. basic radicals by an equi- 
lateral triangle, the vertex Ijeing upward for the alkalies and downward for the 
alkaline earths. In compounds the two symbols were placed together, the 
basic radical preceding the acid one as is still done. In the add salts, however* 
the base symbol was placed abort the acid symbol. Calorie substance Was 
indicated by a line, following the idea of Lavoisier, according to which the 
liquid and gaseous states could be considered as compounds of the solid state 
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with heat. A line pointing upwards from the symbol indicated liquid, and a 
line downwards indicated ga* r To-day we have no eorre«i>ondiiig symbols for 
representing the slate of aggregation. On the other hand the impotrLimt heat 
changes areomjui living chemical reactions were not taken into account by 
Hnssenfrfttz anfl Adet. or (at a later date ) by Eer 4 clius. 

The symbols of Hassenfrat/, were approved by Lu vomer. 

U hut has already been said by no means exhausts t he progress uf chemical 
knowledge during this period. We aha]] therefore give a short ILd of names 
with some of the substances which they discovered. 

Robert Hoyle (H527 I69J}, an Englishman of noble birth, was (as already 


THE FOUNDERS OF SHE XT I Hr CHEMISTRY 


137 








stated) the real founder of amly^k in the wet way. He improved the air 
pump* and used it in carrying out distillation* under reduced pressure in an 
apparatus of his own design. He als<j earned out reactions under mtreused 
4tir- pressure, in which he was much ahead of hifl time, Boyle knew wood spirit 
acetone (1MH) P and phosphoric acid (1(170). while he prepared phns- 
by the method discovered by Brand (1570), anti distinguished between 
cuprous and cupric 
chlorides. 

Wilkdm Holmberfj 
{ 1 Uo2- 1715), a doctor 
of German extraction 
who lived chiefly in 
Paris, was a versatile 
chemist. He was one 
of the first to deal 
with the saturation 
behaviour of acid* 

(l OH®) ; he discovered 
the readily fusible alloy 
later known by the 
name of Rate’s metal, 
and lie fused the heavy 
metals by means of a 
concave m i rror . H ol n i - 
berg was the lirst to 
give an accurate de- 
scription of boric acid 
(1702), and he also 
worked on t he analytical 
dassifl cation of vege- 
table drugs. 

y i r ala it s Lem erp 
( 1 1 715) was a 

French pharmacist and 
physician. His Cmirs 
tie Chtftnie is by far the 
best chemical text -book 
of the period. and his Dictionnaire tie# tlrwje# simple* the best pharmaceutical 
manual. This last work was first published in I HUS, white its last edition 
appeared in the nineteenth century. The discovery of flake white (bade 
bismuth carbonate) and of mercurous oxide is attributed to him . 

Oetmj Ernst Stahl ( lOfiO— 1 734 > of Ansbadi was a Prussian physician in 
ordinary, mid one of the most famous of the physic in ii-dienviMs* He was the 
chief founder of the phlogiston theory In spite of this fact, his ideas on 

living processes were vital ktic rather than materialistic, and he was an opponent 


plate ns 

Robert 

Hiw pcntri htiticna lo rhfTtnirtil 

pltftruttlt* hav® bnen iiptHzribfld in thfl U'Xi. «nvh? luLimtf<i 
uialy*™ in rht 1 wet wny, Mh Gnr uf ibr fyun^r* uf th*-- 
Hoy it L Satiety, anU it* blind in VViwUnmitor Ah-bny. Hi- 
d^covemt Boy Ip r M law. 
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of iatro-cbemi*try. Stahl defined the scope of chemistry with great clarity, 
describing it as the science of splitt ing up complex substances and combining 
together simple cams. Like tilauber. Stahl supposed that salts were composed 
of an acid and an alkaline component. He realised the special position of 
alumina, and distinguished clearly between sodium and potassium salts. He 
describes the combustible nature of pure acetic acid, and appears to have 
been the first to prepare mercuric acetate, 
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Hoyle wfis thy lirni to miiplu-y vacimm lit- furrii-d uij E UpHnimti hui h Luulor 
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Lint it two hundred ytttPP Inter, when it wt m rtwmmwitiwl % t>r, RoarariIuu*w aiid Bm-Kh^ 
Buy If "n *all«t*d ^i^rkp: llitVf hreii b\ IVU-t Shnw ttiiri |uihli>hi-i| ” Tho phrio- 

Hophlml works of the honoumbla K, Boyl# P i r i > p m Li ►n . 1 72^5. 


Friedrich Hoffmann (I66t>-I7i2) is another of the most important phmclan- 
chemists* though an opponent of ktru-chembtry, His name is best known in 
connection with Hoffmann' f e drops, Hoffmanns balsam, and Hoffmann's elixir. 
He investigated ethereal oils, determined their specific gravities, and studied 
magnesium compounds (at that time being introduced into medicine) and 
alumina- Hoffmann prepared artificial cinnabar In the wet way, and was the 
first to recognise the acid nature of carbon dioxide. His classification of 
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mineral waters resembles that still in use* he, acid (carbonated) water, alkaline, 
femigiiious. bitter, sulphurous. He was the first to prepare artificial mineral 
water, thus anticipating Priestley (1773). 

Hermann Boerhaam famous Belgian ph>T 5 ician-eliemist, 

< 'Isaraeteristienlly, he was tint an adherent of the phlogiston theory". His 
text-book Element# Ch&toiw was second only to Lemery’s in this perk id. 





In 1732 he observed 
(like Guoffroy in 1718) 
that water is forme cl in 
the combustion of 
spirits of wine- He 
produces the following 
good explanation for 
this phenomenon : the 
alcohol contains a 
COll i bust i I >le subst an ce 
(Pabulum ignis, he. 
hydrogen) winch is 
destroyed by the 
fire, forming water. 

BoerhfUive ako knew 
that the products of 
combust inn of atcohm 
weigh more than tl 
alcohol itself before 
combustion. He be- 
lieved in the presence 
of a " vital substance tr 
in the air. He char- 
acterised acetone pre- 
cisely, and knew the 
mustard oil obtained 
front black mustard 
seed. 

Etienne Francois 
(w'fajjroif ( 1 ti 7 2- 1731) 
was a French phar- 
macist and doctor. He 
has already been men- 
tioned as the first to set 
up tables of chemical affinity. His w ork, De materia tnedim (1.741), represents 
the first scientific pharmacopoeia in the modern sense of the worth He 
discovered cinnamic acid. 

Caspar Neumann (11583-1737) was the court pharmacist in Berlin and the 
teacher of Maiggraf- He was the fir^i German pharmacist to write in the 
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FrMrich Hnffmtiun* bom NSWP nt HnfUv iJi^I 1742 h; UtKik Ho wn» 
royal phyiucliin in Berlin Ultl ik plu&rifiiirf-iit nji| chemiat. 


German language, ami carried out scientific pharmacological investigations 
(with form in acifl and thymol). His chief work, C/tymiti medico, first 
appeared. J740-1755. 
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Joh&nn Heinrich Schithe (1687 1744), a physician, discovered m 1727 the 
photu-semritivity of silver salts. 

Iruittaum? Fra afro Itouette (l 703-17 7i>), pharmacist. was the teacher of 
Lavoisier. It is to Inm that we owe the general definition of " salts,” a point 
which was much confused before his time. 

A wdrms Shjiswfthd Munjtjmj 1 1709-1783} was one of the most important 
of a lung series of famous pharmaceutical chemists. He was State pharmacist 
in Berlin, rind an adherent of the phlogiston theory. 

He prepared phosphorus from urine, carbon and sand, and studied 
phosphorus prntoride and phosphoric acid. He olkserverf the increase in 



Bocrk jvc bcmtrkl b£t Verbrsnricn von A I kobo? unter einer 
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PLATE m 
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weight when phosphorus is burnt* He obtained various phosphates, and also 
metallic phosphides (copper phosphide and zinc phosphide, 1747), also phos- 
phorus sulphide. He detected phosphorus in plant ash, and prepared alum 
synthetically. (His analytical work has been mentioned in a previous section.} 
He recognised gypsum as calcium sulphate, obtained phosphorescent calcium 
sulphide from it, and did work on sulphur trioKide, nitrogen peroxide ami 
hydrogen chloride. He demonstrated by analysis the presence of magnesium 
in serpentine, talc, and other minerals, and found magnesium chloride in the 
mother liquor* from brine. Marggruf showed ihe presence uf aluminium in 
clay, and knew that it was combined with silicic acid. He was the first to 
discover the ch loro plat mates of potn^inm and ammonium. 
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He recognised the existence of two acetates of mercury (mercurous and 
mercuric, 1745), prepared the silver and mercury salts of a number of organic 
acids (acetic, oxalic, tartaric, citric. 174+3 and 17fU), knew formic add (1749), 
knew that madder lake could be obtained from alizarin and alumina, and used 
the term indigo for the blue colouring matter of worn!. His discovery of cane 
sugar in the beetroot laid the foundation for the German sugar beet industry. 
It appears that he prepared potassium cyanide before Scheele. 

Pierre Joseph Moaptcr (1718-1784) was a chembt. and the author of the 
first chemical dictionary, [HctionHaire dr Ch tjm jV r 17 MO, He also carried 
out significant researches on arsenic acid and Prussian blue. 

Ajtrl Fredmk Cmnstedl (1722-1765) was a Swedish burgomaster and 
mineralogist. He was the first to use the blow-pipe in chemical work (see 
section on ana lysis), He discovered metallic nickel in 1751. This metal 
had been known much earlier by the Chinese and used to prepare the alloy 
44 packfoiig* 1 (since about 1500). German silver was not prepared in coibdder- 
jihle amounts in Europe until after about 1823. Nickel ores were probably 
known in Europe even in the Middle Ages, and certainly by the time of Hjarne T 
1691. Cronstcdt- prepared nickel oxide and nickel sulphide, and mentions 
tungsten ores (1752). 

Jacob Jirinbotd Spkivmnn (1722 1783) was u Strasbourg pharmacist and 
taught chemistry to Goethe. He wrote hmtlitution&i ckffmictr ( 1763), wh ieh 
was widely read and trails! cited into many languages : also PJtarvtaCQjnria 
generalis ( 1783 ). 

Jcent Francois iMmachtj (1728-1803) was u wdbknowm French chemical 
technologist and pharmacist. He w rote the first text-book of chemical techno- 
logy (1773), which deals particularly with the manufacture of mineral acids. 

Antoine Baume (1728-1804) was a French pharmacist who contributed 
to chemical technology (manufacture of sal-ammoniac. 1778), dist illing, and 
improvement of the hydrometer. He also wrote ti dieittieal rnaminl p Element# 
dt phanmek. tftdorique ei pratique (1762), specially suited to the practising 
pharmacist. 

Joseph Black (1728-1799) was a Scot who investigated caustic alkalies and 
carbonates, the chemistry of lime burning anti the manufacture of mortar. 
He also investigated carbon dioxide (which he termed s fixed air ) and 
recognised its acid nature, 

Jon 1 ntjenhomz (1730-1 790). a Dutch doctor, is well know n as the discoverer 
of the assimilation of carbon dioxide by plants in sunlight, accompanied by 
the production of oxygen : this is one of the most Important existing chemical 
processes. Ingenlujusii was probably also the first to prepare phosphorus 
matches consisting of a yellow phosphorus tip on a piece of wood, which 
ignited on rubbing. He also invented the experiment of burning a piece of 
steel wire in oxygen, 

Hmry Cavendish (1731-1810) was the son of Jjord Charles Cavendish, 
brother of the third Duke of Devonshire, and is one of the greatest names in the 
history of chemistry. One of his most famous investigations is the 
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burning of nitrogen. His very simple apparatus consisted of two wine 
glasses filled with mercury, into each of which dipped one limb of a V -shaped 
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tube. The bend of the tube contained some air mid was fitted with two elec- 
trodes for a spark from ait electrostatic machine. The mercury in the limbs of 
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the tube wan covered with some alkali to absorb ihe nitrogen oxides formed by 
tho electric ilLiclisrge. In this way lie established the toni|Kvaition of nitric 
acid. In investigating air lie found t hat after allow ing for the content of water 
vapour, carbon dioxide, oxygen and nitrogen, a residue was left unaccounted 
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the explosion 
r ith electrodes 
:u it. a also 


for: thus Ire wae (without knowing it) the discoverer of the rare gas argon 
( 1785}, He determined the composition of water by synthesising it from 
hydrogen and oxygen (1780)* In this experiment he used 
eudiometer of Priestley + consisting of a measuring cylinder witn 

fused into it. 
in vest igated hydrogen 
mid carbon dioxide ^ 
including the solubility 
of the latter in water. 

Jmrph Priestley 
(1733-1804) was an 
English a mute u r 


sH#>ntist of 
ts. He 
' 1 that 
and 

nrcathe out 
dioxide, while 


varied 
showed 
human 
animals 
ear bon 
plants 
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absorb it. He investi- 
gated nitric oxide and a 
number of other gases, 
e,g. hydrogen chloride r 
am m on in. s n I phu r 
dioxide and silicon 
totrafluoride. (The 
pneumatic t rough which 
he used in these experi- 
ments has been already 
described . } Priest ley 
appears to have been 
the first to isolate 
laughing gas from iron 
and nitrous acid (its 
I ihysiologica I action 
being first discovered 
by Davy in 1799). He 
also investigated carbon 
monoxide (1776), He 


discovered the prepara- 
tion of oxygen by heating red mercuric oxide with a burning glass. (However, 
the French pharmacist Pierre Bayeu described in 1774 the production of 
" une d uide elastique +i by heating red mercuric oxide.) Priestley prepared 
artificial aerated water and showed that water and carbon dioxide were 
products of the combustion of oils. 

Torht nt Errtjmantt (1735 1784} was a Swedish adherent of the phlogiston 
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theory, and the chief expert on analysis of his period. He contributed largely 
to the foundation of mineral chemistry* 


tions of gases. He reduced inorganic analysis to a system which is essentially 
that still in use to-day. In 1774 Bergmanu recognised +T fixed air t+ (i.e, carbon 
dioxide) us an acid. He 

discovered njckd sul- | 

phate in I775 r analysed 

tartar emetic in 1773, ' , - — — 

discovered prosaic acid 


('tirl F ri edrich 
Wenzel (1740 1793}* 
chemist jit the Meissen 
porcelain works, is one 
of the greatest figures 
in chemritry, though Ids 


tin. bismuth, antimony 

and arsenic, and of the nitrates of iron, lead Jind bismuth. and he observed 
the ’ lead tree. He knew of the light sc naitivifcy of silver salts, prepared 
colloidal copper and silver, and described the alkali salts of the hydroxides 
of zinc, lead, tin, aluminium and copper. He investigated the solubility 
of substances in water and in spirits of wine, made experiment on water 
of crystallisation P and described the liame colorations of copper, boric acid. 


We have already given an account of Ins analytical work and his investiga 


in 1775, cyanurie acid in 
J77tL uric acid in 177G 
and oxalic acid in 177 6 
(the last substance 
ha v i i Lg I »eei l pre v it ms! y 
discovered by Wiegleb in 
1769). Beigmann was 
the first Lo classify sub- 
stances as organic and 
inorganic, and the term 
41 elective affinity " ri 
due to him. 



name is often passed 
over in favour of others, 
it was Wenzel who really 
established the law of 
constant proportions (see 
above), and he made a 
number of other impor- 
tant discoveries. He 
describee the hydrolysis 
of the chlorides of 
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bismuth and arsenic. He prepared ethyl chloride by the action of spirits 
of wine on antimony trichloride. In J7S2 lie made measurements on the 
neutralisation of acetic, tartaric, oxalic and succinic acids with different bases* 
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Karl Wilhehn Sck&te (1742-178#) was at lirst a pharmacist in St ralsutid, 
and Inter in Hoping in Sweden. 

Sdicelc obtained phosphorus from bones (1770), characterised hydro- 
fluoric acid (which had been used for etching glass at least since 1B70)* and 
discovered hydrofliuffiflidc acid. In 1774 lie prepared chlorine from pyrolusitc 
niirl hydrochloric acid, a process which was by no means new. but which 
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apparently had never before been closely studied. He recognised baryta as 
a special substance, and prepared barium chloride. He was probably the first 
to prepare various manganese compounds. e.g. manganous sulphate (1774). 
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He is particularly famous for preparing oxygen earlier than Priestley ( 1771 ), 
though he did not publish it until later. He used various methods, e.g, from 
pyrolusite anil arsenic acid, from mercuric oxide, etc. Kehede distinguished 
between nitrites and nitrates and [>ix fc pared sodium nitrite. In 177 ^ he recog- 
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ni&ed molybdenum itnsl tungsten compounds eis definite classes, though these 
ores had been known earlier (Agrfeola; Cronstcdt, 1758). Sdbeele prepared 
tungstic acid and sodium tungstate (1781) and recognised graphite as a 
modification of carbon (1770). 



PLATE 1.11 


CAtflrtim/ emV^Jiril rlttiu-iiip* brj t ’ A IF. 

I, i, 3. Appaiitui Lnr {^Uretmg oartmn dioxiilo in htittle* and b|add+^~- 

4. lMPiduction of a moihJ pier* of pajkr im c u a bcttlo containing Lyilro^n I'htarinit?, 

5. Ammgwiifirn for acting on pymJiHiu- with sulphuric aoid, 
ft. Blow -jape tleusar^. 

7. A|i|’Kvnitfcln frf obtaining hydmgan from wutor amt imn liling*. 

X is r 111 . A | ijmmt u* for inn^|iitin^ T tha composition of nip, 

I L Arraiigwilrat for y\poriim'ats w it h iHjmrk'v 

I ‘1. VpsiK L l for Maring arid fruit juice*. 

1-1. Immigration of tlio proriv* of Hohititm of ruustic ailmlk*. 

I < r Scbwle'd fljBctro^tati^- taarilmi' aruJ friction paii, 

XolP tho ■ijrnplErir y of the trnuigEfiicnt#. 

* Water. f Iron tiiin^. 


He iviis the author of the well-known method for obtaining hydrogen 
sulphide from ferrous sulphide and arid (a reaction which had been observed 
before). He probably also discovered ursine (I77,j) and the copper arsenite 
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known sis Seheele’s green 11778), His most famous experiments on combustion 
under bell -jars (with hydrogen, candles* animals) are repetitions of those of 
MaV'jw mid Hales, The i tse of H me- water sts jl confining liquid in combustions 
giving off carbon dioxide had been introduced by Black, 

SchceJe is one of the chief founders of organic chemistry, it is. however, 
only partly correct to attribute to him the discovery of a number of organic 
acids. Among these sire tartaric acid [Seheele. 17(50), lactic acid (1780)* oxalic 
acid (1778: ef. Bergmann, 17711 and Wjegleb, I7fl9) t malic acid ( 1785 : Monro 



PLATE 135 

A (j/ f\ II', iji ir«tiyrtfiwj (hr coMptrtition n / mV thr pAx€**t*uf raiwft md (tm 

and rt-*pirtii i**n r 

L Hydros-.’ ii fiurn*- in n volume of air cOnflnwl by water. 

1. t'aniili’ fluzno conlinpil by Lime- water. 
a, Htt'iilbiiiV iii#ect confined by tinw water, 

3 t Apparatus fnr evolving jrair-K*- mrlifi Cfll^tin^ tlm-iu ml bUddcra> 

mentions sodium malate in 1782). These substances must nil have been known 
at si much earlier date, though they had not. been properly characterised. The 
same is true of uric add (Scheele, 17781. I Tussle acid (Schcele. 1783) had 
already been discovered by Betgmann in 1775, but sodium and pota^inin 
cyanides (1783) and mercuric cyanide (1785) were probably first discovered 
by Schedc, though potassium cyanide may have been prepared by Marggraf. 
Schcele analysed made acid (1789)* pyrogaliol |178fl) h ethyl benzoate (1780) 
and fusel oil. Glycerine (1783) was carefully characterised by Scheele p though 
it obviously must have been known earlier to soap-boilers. In 1782 Sehcelc 
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in liLs researches 


demonstrated the sjiponifi cation of eaters by means ot alkalies. U should lie 
s|jei'Ullv noted that in spite of thousand of statements to the contrary, the 
jir#t siftklhtnhi of lid r yrt/anic eotapouinrf from its elements was not warned out by 
Wohler, but by Scbeele, wb*> in 1783 obtained prussic acid from carbon, sal- 

iitinuoniac and potash. 

iiiiiiiiifiiiiitiiiiiiiiiiiiinmitiiiiiiiiiiiE 1 


Keheele wu* the first to 
.show that proteins occur 
in vegetable as well as in 
Miii mat matter. The 
appam tus ^ 1 SrWI* 
employ 

WM the simplest imagin- 
able. anti might well be 
termed meagre. H is work 
proves that the greatest 
possible chemical dis- 
coveries can l*e made 
without using complicated 
apparatus. Although our 
ignorance of hbdury has 
caused Scheele to be 
credited with many dis- 
coveries which ut hers had 
made before him. enough 
remains to place him 
among t he greatest 
chemist* of the past* 

M a / i i ft // e i it r i c h 
Klaproth (1743-1817) was 
toot her of the great Berlin 
pharmacist*. He 
very fortunate invewtiga- 
tor, in that tie possessed 
an unusual mastery of 
both qualitative and 
quantitative ana Lysis, It 
may be noted that he and 
Hermbatfldt were two of 
the lirst German sup- 
porters of Lavoisier. He 
mi I Lset! 1 1 se cl tei n tea I indi- 
viduality of compound 


AXVOINK i 

fldSMir i/. 


i - 


^otaiiut, 

rUIT r^S 


plats m 

ir broott’*frC*i OH fhf urctl.vifrf} .j/ thr 

f jfrutiuu II / (umiirjiif r* MfVJ *th. I "Ul. 

Antaibu Ijivuuuvr, klu- lrn>t iniporUutK Ffrpnrh i l Iiv'iili>e 
ami ft membqrijf ih>- .Ar-flu krai j*? Scirni'tw, wa- born ili 

I'wri*. JT-Lt. Jto wan- miuE^Jimmi lo iloalh hy ihf h.’volu- 
Tionnry tribuikfik on fulilr clmruE^, uni wjli mituU-iL on 
May Hth r 1704. 


uranium (1769: uranium oxide and hydrated oxide : uranium ores 
known mud) earlier), titanium (1795: but ef. Gregor, l769J r compouii 

zirconium (1769). strontium (1793: strontium ores appear to have been 
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known to Crawford, 1790} and cerium (1803). He prepared tellurium 
compounds (teUurous acid P 1798) and discovered mellidc acid, 

Antrim* Lnm'i\nt Ijn'omtr (17 13— 17^4). a French chemist, was executed 
in the Revolution on demonstrably false accusations. His chief work 
has already l*een described, and is summarised in liis Traitt ^mentaire dr 
chimie. 



t ppa raf z.uf 
?*l»r***U*ch*n DflJfrJJdKtfji 


TT V* Prptfi?iJ nj iiji 1 

VfFtrf^riurt^i win 
n f * *i h 3n 


■" * *PP*M rpr \ pirC-'t n 'll, i| [t 5 
. _*» ts L 1 £ ** 


^ hn I VJi Fr App J fw* 

frwitlpy 


r*r xjjt VfFfif §n 1141 n^- 


PLATE W4 


Apparatus by luttv&merv 

LftV^Lti&r'i ma.-tray aI*o tfxtaiulE*! to (ht> cfeHign of Jtppmiu.*. 

1- Apparatus for woh-ing ,£4JL4 with U r niilfe> buttles for w^ishia^ it, 
-- Thi' Am uni* oxfdfttian of mrrttiiy. 

■I ami I ]. Apparatus for the fi helIhufi itm of phusphoru*. 

y I Jic* Mktiu* wish pneiuoatLE 1 iruujsh I? i marlilp, 

ni. AppHrrttUs for tln> synthcttlis of wiUt fc i , P msin^: elcwiri' -pn.rk'C 


In most ot his famous combustion experiments the substance used was 
burnt hi a confined volume of air in a bell- jar. retort or glass globe, In the 
oxidation of mercury lie used a retort attached tu a pneumatic trough 
t Priest loy)* the retort being heated by a small furnace. Phosphoim was 
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igniter! inside the globe by means of a hurtling glass, and hydrogen by an 
electric spark (ef. t'avendish). 

The apparatus for the reduction uf water consisted of a steam generator, 
a red-hot tube filled w ith iron turnings, a vessel for condensing undecomposed 
water, and a pneumatic trough for collecting the hydrogen. Lavoisier often 
used Woulfes bottles in his apparatus for preparing gases, and the tird practical 
jLp|famtiis for weighing gases is apparently tine to him, Lavoisier knew that 
all organic com pounds consisted of carbon, hydrogen and oxygen, with the 
Addition (especially in animal products) of nitrogen, sulphur and phosphorus. 
Lavoisier also contributed greatly to the foundations of organic chemist r\ h\ 


plat*: i3,i 

a/ umitfr, A . In* Lraeoixitr. 

rim water vapour is dwV>inpe»d by (jamw through m iron tulw &\vd with \tdu 
whu-h i» hi'Ul^l loiwlnie*w. The oxyji* n t-orubtruw with I ha n--n, un-l-‘ *orn|u>rfHJ witter vapour 
) rt h-. ■ t L 1 1 ■■ j i - 1 -i i in tl.a roofed *plh*l und thr hytin^i-n feirtevd h in thu Ml -jar m the 

piU-uRutie trough. 

laying down the principles of analysing organic compounds for the elements. 
His method consisted of burning the organic substance and collecting the 
gaseous combustion products, water vapour and carbon dioxide. Lavoisier 
; ds<> measured the amount of oxygen necessary for combustion, using very 
complicated gasometers. He also attempted to carry out the combustion by 
means of mercuric oxide and potassium chlorate (.1788). Although Lavoisier 
fiid not obtain very satisfactory results in his organic analyses, lie established 
methods of absorbing the combustion products (carbon dioxide with caustic 
jKitasl i, water with calcium chloride) which are still in use to-day and which have 
not been improved upon. Lavoisier also investigated the phenomena of 
fermentation. He and Ins Collaborators founded organic nomenclature (1707), 
introducing the terms alcohol, ether, organic acid, etc. 
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Juhfuni Gottlieb Qahn (1745-1818) was a Swedish chemist of Bergiiuinn's 
school. He taught that bone mh was composed chiefly of c&ltaum phosphate 
(which had, however, been obi allied from bones even in the seventeenth 
century)* He was aware of the presence of barium in heavy spar, was the first 
to prepare manganese metal (by reducing pyrolumte with carbon, 1774), and 
was a master of blow-pipe analysis. 





PLATE 13IS 

Appamiiix '<JF frit# % Mrrnhiiftirm, A, L* iffiWhfiff, 

P CawmetlT with air. I. titwemutcr tnp. 2, 3. Tubti Ipncliiijf to I ^ Onfj 4n.wrvu) 
gu-omutar. k Jk tiJIi i] with bygrorfcopw -ult Tor Arcing i Kbi - jijp in tin 1 l'-u- uiH'ter. 

*. S, 7, S, !k JO, Tlil^tii feadiiij? to the lamp LJ. A La^r jar. 

(2, 13, L-L J-i. Tub™ fur leading qflT thi* LEtL-^*. 17. Plunk ami spiral for 

eoiMlMHiiiff wwtr-r vapour. Ilk Lo. Tubt^ (E<k^ I i±m- C 7) I'm- rvUuriuLjT thi* rvnt of thv w^tvr 
vapour, uiliJ Vw^L* imjr illji-d with pr-i iwli for nhsorhing rarbon rlioxitk, 20+ ^ I, 
-3. -i- Tuhra loading (O tho p&taatl v« •*«■!*. j*. 2tk Hrjinj: tubi*. *i>. 30. TnJtt-4 to cliri- 

^Baometflr fAr d*"! '"mi in mg the ammirit u£ unu^l jjaL-. "Inp proportion* of and 

nJiro^Qll in thirl ^ilri jiI-hj hid lo iw lictcmiinciL 

ip t.>>| eontALiKT, 6 r Ci d. t f J r if siphon for supply iog dll to the lump, k. i TuIh- carryLiin oil. 
31. 3^, Rtwifrir raining a»el limvi-jug tho wick, D Cov^r wish an iron rap littinp irjio a ffoavo 
in %ht ►iliwo yo*m*L Thi# groove \» filled with irwivury, thus making the vwl gAixAigtu, 
Thte it? ilit* lirHt apparatus for ur^anic nnaly+b. Owing lo jU undue vnmpIcKity it did not 
pv4- iic-runUr o^ulb-. It i«. however, mipoibirLt, ™ijwv it iirtrodiuc* thfr principle* idulMorb* 


Chutd# Lottie Berthalhf ( 1748-1822), a French chemist „ was the first to dear 
up tile composition of ammonia (1784), of hydrogen sulphide 1 17fto), of methane 
( 1 T-H3) and of prussic arid ami its salts ( 1783}. In I78fl lie showed that prussic 
acid contains no oxygen, thus disproving Lavoisier * view that acids must 
cont a in oxygen . H e d isco veined cya n oge n eh U wide ( 1 7h 7 ) am J f i i 1 m i na t j ng silver 
(1788) : the latter was, however, known earlier to KiuickeL He showed that 
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potato nmi fenwyanide contained iron, discovered the bleaching action of 
chlorine and hypochlorites {potassium hypochlorite, 1787) and discovered 
potassium chlorate (cf. however, Higgins, 1*77), 

In cont rast to Proust’s hypothesis of constant proportions, he emphasised 
the effect of the quantities used nn the course of a reaction . He could not at 
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Gwstmttr. A. L r 

I> K Iron beam with on iron afeuE inietIi ttfuJ ; dm Ihtiiii n>(i On iiuovnbfe rollers. F Wooden 
-i -nlr 1 ■ pm i . ■ E'hrt-ifi ■ Bfiyini' ltn' mjKwr Rx ll-jur A : ihi- iNdl-jur as ij-jh'ii nl the JwtMoin 

jmri dip* liiIcj thu cslfiper eontuiLner L r M. N* O. k.i, II, t r K lVmrntic V < 

beO'jiir. 

l m if, :t r 4,. i". Tubes for die 1 ^ irmi the urt-miMpr. 

*\ M ~ m S r *,*. In. Tiiben for filling tbe bell-jiir with gn-. 

li, |3 f 14 r 13. Tub* 1 * for loiilmfr the iot" i>* any n*|tiirrri: 

| Hi -2$, T i il **+ for pijiatdi^irij; Hisd riiiNisurinu tlla pirvaEP' inside and outfiLle thi 1 utfii'W bt'll-jhr A fc 
I ^ u^'dnutrT Apj^ifN lei hui '.' btvn o true measuring mritriu li* 1 nt r iukI not merely it 

vr-wl fnr *K»ragfs 


Hrst understand that this point was consistent with the law of cunstariA 
proportions. Finally, BerthoBet demonstrated the presence of nilrogtn in 

pffAtinH. 

Sitjmmmd Friedrich HermhsffidU ( 175H- 1S33}. pharmacist and professor, 
wjls the first representative of Ijivoisicr’s school of chemistry in Germany t 
and translated l^ivnisicrV thief writings. He promoted chemical technology 


THE FOUNDERS OF SCIENTIFIC' ( 'H EJUSTRY 


1ST 

(c.g- t he extraction of beet sugar) and pharmacology, especially the classifica- 
tion of vegetable drugs and the use of chemical analysis in pharmacy. 

Johann BarthoiomUnt Trr/mm&larff (1770-1837), pharmacist, founded in 
Erfurt in 17f>5 the first German university pharmaceutical institute, fidttingen 
was the first university to include pharmacy among its subjects for study. 



PLATE ms 

_-| pjfHirtii UA /r>r fhr &f Wflter, IWII -U-Jftrjm p I St ih !,. 

TJii- iippnm[ij- nmkH-. it poddihte to juk^ cjmuHtitif* uf hydrofoil and oxv^mh, 

which hit i^fnbitsed by an pWftrid ^jiArk to givo wtiKt in Thr Lavoukr gk*hp in thf i [>fitpJ, 
It rimy bo not ►’il that xmn Dlam Olworved tin? isnicll af ozmi^ jn 17^5. 

Before TromitisdurlT, Wicgleh hud an institute for pharmacy in Langensaka, 
ii nd Hermbst4dt for a time in Berlin. Trommsdorff also founded ope of 
tlie first iiidejicndent factories for them Leal [dmnnuieiit jenl products. 
His Systematic tex tdx>ok hud sevcm 1 editions, and his Hundhuch tier jihtmnu- 
zrttfisrhfit II urznkmute (ITUU) ivaa the firkt of its kind m the (iertnan language, 
In addition to the substances already mentioned in the preceding sections. 
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tUt- following were discovered or described fully for the first time In the period 
up to l sou — 

I. Istobujlftc Kl t extakces 

Baementary phosphorus, first obtained by Brand in 1669- 1 

Magnesium compounds, Nefaemiah Grew ( 1005) ; metallic cobalt and some 
cobalt salts, Brandt (1735); manganese compounds, S. J. v* Waltz ( 17^4) t 
potassium permanganate, Pott ( 1740) ; platinum (known much earlier to the 
Indian*), Wood (1741), de Ulloa (J748) ; tellurium. Muller von Reiohenstein 
(1782) (tellurium ores were known earlier) ; metallic molybdenum. Hjelm 
(1782)’ metallic tungsten, J, and F. d'Elhujur (1783); titanium, Gregor 
(1780) : yttrium ores, Cadolm (1704) ; chromium metal, chromic acid, potas- 
sium bichromate* chromium oxide, chrome yellow, chrome green, Vauquelin 
(1707) (though chromium ores were known to J. G. L ehmann, 1760) ; beryl- 
limn oms, Vauquelin (1708) ; Vauqudm also found chromium in spindle and 
emera Id in 17 08 : hydrofluoric act d. Sel i wa i iha rdt ( l 67 U) T Pa u I i (17 25) ; 
sodium uitnite (known curlier but nut well characterised}, Rohn (1683); 
aluminium sulphate. Ettimiller (1684); cuprammoniuin chloride. Sti liber 
(16U3) : fusible metal (Kune's metal), Valentine Rose (1771) (hut of. Holiuberg» 
ififtft) ; sodium phosphate, Hcllot (1735) : sodium arsenate (Macqucr < 1748) ; 
potassium bicarbonate, J. Bohn (1685), Outheuser (1757); marsh 
(analysed), Volta (1775) ; carbon monoxide, Ldissone (1778); potassium 
chlorate, Higgins (1777): sulphur chloride, Hageminn (1782): phosphine 
(Hprintaneouftly inflammable). Gengembre (1783) (stable }, Pelletier (1700); 
pitussiurn arsenite, J, Schultz (L786): artificial cinnabar made in the wet 
way, J. Schultz (1787) : magnesium ammonium double salts. Fourcrqy (1700) : 
tin oxide and dioxide* Pelletier (1702); barium and strontium nitrates* 
Pellet ier (1701); ca I cium \ *1 a **p hate , H rni I hat m Tei i mint (1701); a m moi uu 1 1 1 
chlorate* van Mon* (1706); car l>on disulphide, Lampadius (1708); chloride 
of lime. Smithson Tennant (17!>8) : nickel (found in meteoric iron), Proust 
(179ft); sodium thiosulphate, (.'haulier (17ftft). 

il. Okuanic Sere stances 

Potassium oxalate. Duclos (1661) ; ethylene from alcohol and sulphuric 
acid. Beeher (1660); formic acid, Wray (1670), Fischer (1670); Rochelle 
sal L p Seigi let t e ( 1 67 2 ) ; pot assi u m si m moiikmi ta rt rat e, J jk* mcry ( 1 67 5 ) ; 
bergamot oil llarbc (1693) ; prussiim blue. Dieabnch (1704); thymol (known 
earl i c r, but i iut dest libed ) , Xeum atm ( 1710). K lei >er Recm ri ( 1 7 3 1 ) : *a fro! . 
M and . L 7 38 } ; i a »t a** hi m fern ay an ide .. Pi ppel (1710), Mu rggra f 1 1 751 1 ) , 
Maequcr (1752); cinnamic acid, Geoffroy (1757); ethyl acetate* Comte de 
L&urngais (175ft) : cacodyl, t 'm let (ITGtiJ ; mercuric tartrate, Monnet (1766) ; 
sodium msilate. Monro (1767); oxalic acid, VViegleh (1769), Fr. P. Suvsvry 

1 Hin»phor*w was pft'jhiihly Jcnnum ™ AUihid Bewhid (M6 + In the Par is ithrm-j | and to other 
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(KTJi); menthol (carefully described). Gaubins (1771 } : picric add, Woulfe 
fl^d) (t f. I dauber) . urea. H, V. Roueiie (1773), Fourcmy and \ uuijiidiii 
(1797) ; citric add. Retziu* (l 77*1); ethyl formate, Afeeima (1777) r RudioU 
(]f82), Fontana (1777) noticed that gases were absorbed bv charcoal ; cam- 
phoric add. Kosegarten (1785) ; calcium quinate. Hermbatadt (17&5) ; diastase, 
Irvine (1785); suberic add, Brugmitelli (JTdS) : choice terin, Gran (L788). 
Coiimdi (1775); picric acid. Haaamarm (1788); glacial ate tic acid, Uvitz 
(I78il) ; quinic add. F, f’h. H offmaan (17f)n) ; grape sugar (found in diabetic 
urine). Frank (17)J1) ; casein as a protein containing phosphorus, Leiden frost 
(17SH) ; gru[>e sugar and fructose found in honey, Uvitz (I7H3) : gallic add 
Jrom gall-nuts, Deyetix (171*3) ; nionochlomcetic and trichloracetic adds. 
Lidiz ( 17113) ; ethylene and ethylene chloride, Troofitwyck and Dcimann 
(I7h5) ; narcotine, Bautne (17t>7) ; ethyl sulphuric acid, Dabit (17L*9) ; Daniel 
Ludovid ( 1*571} appears to have obtained morphine. 9 

A» t tgs tea! chutu istry, then? area large number of important- 

chemists, many of whom (as already mentioned) began as pharmacists. Among 
the most important we may mention (omitting many other names). Ltfmery, 
Geoffrey. Neumann, Rouelle, Murggnif, Spidmann, Dcmadiy. Ban me, S cheek-. 
Klaproth, Hcrmbstadt, Trom msdorif. As always we may note that the true 
practical chemists can only Ih? trained in the laboratories of pharmacies and 
metallurgical works (Cronstedt, Cramer, Gnhn), 

lltc eighteen tli century saw the beginning of investigations to discover 
the active principles of drugs, and hence also the development of scientific 
pharmacology. There can luirdfy be any f>eriod in which more special work 
**n herbs and drugs was carried out than in the eighteenth century. 

'Hie analysis of drugs in the eighteenth century depended on the Mowing 
processes : — 

Firstly. dixtiUatioii with water or steam (as hi the preparation of ethereal 
oils, previously described). 

Secondly, b y hatting, i dry dist ilia tiun, sublimation, incineration. 

Thirdly, bv ( struct it n, with solvents (water, acetic add, alcohol, ether). 

Thus, for example, Lemerv prepared extracts from rhubarb, aloes, opium, 
etc., tinctures from gum benzoin, myrrh, etc,, and distillation products from 
giiaiacum and tobacco. From julep extract he obtained a " m agist eiium,' i.e. 
a solid obtained by precipitation. 

Geoffrey used such analytical experiments to discover cinnamic acid, and 
Neumann to characterise thymol, while the plant acids mentioned earlier 


1 At tin I cm] t t f ill,, ■•rdhli-i-nlli (Mtuv , -li-mn -jt I periodica la benn (■> inirvnr r - iVlt’* 
JmtrtvU and f hr .-(nfMlJm iuhJ I hr A„„attt .!>■ Otimie it dr 

, , ' I ™ . pwnothrniK it, ill- nnwfoeiuh .-entuiy, t- . L r - in Germany, .Srhtreimr'r 

. tiurrm . . 'rjynrUitff ^ » A n italr.n , .Iwi'wfJ fiir tirhui* ttir mi;! tHananiinciir f'htrmie ]s7s 

/Or pra&twhe ( Acini--. IaS|, Liebig- IS37 |f. I,*tl Ann,,!,,, ,U r i'har 

,mtil ,!<74i '~ ni vot - 43 "“•* ia *r 

■ _ I'^wrri.fii-ciui Li-ul pmodifiil* Wit muy mriiritiii the foS towing : J7^i, l Jolt W 1 * AhttnmirA 

f^r y- undApaffirlrr: 17U4, Tmmmxtwff'M Journal. |T&4. for ,Ur 

1 karma Lit , IS] j F OAfen * Rtperimti m *i?r Pfuirtw = i > | H1Z, Map* : up /, r i- I r httrm . r ;j r. 
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came into tlit same nitegory. Kiniekel anil H t ) n 1 1 >t*ry showed that I Liu iiK 
tion of vegetable drugs leads always to essentially the same kind of ash. and 
not (as had been previously supposed) to a different ash for each drug. ( It is ui 
Course true that t lie salts in the ash vary Su respect of their content of traces 
of iodine, fluorine, lwron, manganese, magnesium and bromine, which may be 
of great medicinal importance. ) 

These analytical processes did not of course reach perfection in the 

eighteenth century. , 

Among local pharmacopeias we may mention the following 
Brandenburg ( 1698 ), Sweden (17us), Prussia -Brandep burg (1715). London 
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Thr phttntifH'tf KOpitrtj {Strtdtn). 

W i 1 1 ifli ll fohadf \ 174^ lived unit w-jrksnJ. In 10- inod™t lulvirfltory tir- niivh n liirjjt- 

liumb-r i,f IiriJUitnl ili-rui-vi'if-i. inctmlinv that <>r oxyLsvi. 

( 17i:t). Vienna ( 172H), WurUemberg (considered to be specially valuable, 17541. 
Thev do not differ in any essential inspect from present-day phamiueopoias. 
Pharmacy naturally made use id the new chemical discoveries of the 
period. The following arc the most important substances in question: — 
Magnesium compounds (oxide, carbonate, sulphate) T phosphorus, phos- 
phoric acid, calcium and sodium phosphates, calcium chloride, ammonium 
acetate, sodium thiosulphate, potassium chlorate, chloride of lime, barium 
chloride, potassium permanganate, chromic acid, potassium bichromate, 
sodium nitrite, sodium nictate, mercuric cyanide, formic acid, ethyl acetate, 

trieldor acid, acetone, glycerine, lactic acid, tartaric acid, Rochelle salt- 

citric acid and sodium dtratc. cinnamic acid, sodium benzoate, menthol, 
thymol (probably known in England before the time of Neumann), gallic avid, 
pyrogallol, tamtic acid. 
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Cfwtti frti{ ifppnraUw, 

A nlan w *h S#uW* T 
Theatre F£rrna$euiiiw, 
iflS* 

1 . St |] b kic'jii I wliii 
with* npcidtig. 2. 

JitiJMneuii with ijar- 
raw opening* 3, Still- 
foefti I wit bout i Jell very 

UiWl L)pH-|j iMjJlHJUlh 

for Kiting on a «an- 
denser. 4. Still-head 
withnjLit iffij t Vi?ry 

uiln\ with n narrow 
ujxmiiip at the top 
which pfio W (dwctL 
5. Sti]|J|Ca<i| with 

delivery ttihe bij II | an 

l>f IC-EI3J liJLE 111 tlfct’ top 

fi>r fitting it second 
*‘mii li'iiiM*r T tl r fku of 
four nt til. h*vn Ls the 
UpfJMTftOHt ffjjlfrtiaj. 

7, Set of three ^liil- 
httuK only 
^f wliieh 
driivety tu he, 
closed, ». Lonjr™,™ 
wit I 'i del ivory tuh<% 

L'ftJL fcke UriM I for PHib- 
limation. II, ftaunrl 
*tiJI-heod with den 
J Ivory tolji* nmJ mtA] I 
opening nt the Cop. 

In, Su Mi mat mo ves- 
open lit eh e top, 

1 1, SublliMtkm vew- 
with opening he 
the tup. 12. Knur 
MuhJiniHtion vtnseln 
riupcriinpwaodp the 
top one olotupd 1 1 ii. 1 1 
with delivery tube. 

13. WmIp fitting with 
fl itmg neck Horn 

tLMMUItnJ lay a Midp- | 

JimntitPij vww] Hijn'n — “ ^ J 

!wX?triJ rjm :; r d ^ i> ?T tuhc ’ , I't IWI-haptwl nltll.h»H with ri„, Mini 

i- n I.T 1 ■ R T ' r'" l ‘ lv,,r w,th !i,d " luUf to Whirh ji MN-t.iid nwiiff run be nttj*|i.-d . 
Ihi- m ^UI “ 1,I t * ,,, ‘ ivTre - "mneL'ttvi hy H f uit»e>. Jfi. Tin, rouml -i ver* 

1'L^ t *H>| a side tube. Lbi^b billlnui, Jljuk. 2] , EW.^tsd Hoik, J2, FJmk with 
SSt„*" ,, 4"T‘ -"I'F'-'l- '■■; Imapiiiff in ii wiiti'f ' IhhiIi, 23, Small flank, M, Pint -hot tot...-, I 

u'.g l ' Htl ht ; | V'™* nri Mtlu,iJ lisi|l| L: Hhr.wn in plat] and o|(rviUirjm 2tf. JhWk 

^ *£°; ,Mt *° ™««* **<* t. >. piw w„t, 0 v.i 

... ., - ■ ' - wlJ I'*!' alH - 3 J ■ k<, ‘ «*■ Tubu liiu»i n ■ tert . :s:J. I ; Lmi h r - , r <ipt, f -md retort 

with 'Intend vopport*. j-|. Sr, -t Let. „f 33, 33, Aeturt with tin, deli vert n,I„-h 3h! 7‘Jrculatiae 
:rl”± rSTT^lr- 37 v.a«-l with dcUv«j' t,jL,i‘ as, I Vlii-.jfj, apt.,, 

' *f P ‘ ' * hl1J,hJ r '-Ji-r'iiljn till? ves-,'1. (O, i'hil.wtiplwrrt .vt with I II le ritl i Ji.e-t, 1 1 be 'n 

SS^TJTr ,,[ ,h r top , l V Wl - «- r™ j witLu handle! 

4. Nji.ir«ktmk! forme] for - jmi rati rig . .,1 and ivaf-r. l\ 4ri, -lu^ of ,.r nth. r muteriid 

\ ; S "™. n I nU ' : l ! ,irntin ^ P rc ^^- *«> THimtular i.-rm-ji .j. 4! l. lJmn\ 

Vt" \ CLH " Wjtil -■' L - h'JUEid pottery vji.h.« with npn-ning t J m ■ iup. 52 Put with |:j<| 

g: pot with lid, for puttiiv m tiu. rire, 51, I' ^wLth elew^ r J.V 

!25“, T r' k ' ,f " ll,,>k To Im ' u P' "*• filial I di.tillinjf lln.k. 311. |. ± r„ ; , 

off Ih fl ,, wl[h - 1T - Still-head With “ Moor’s h,s».|.” lu.rti.jf it tulip f., r running 

^ ^at^\-^ tW rn 's' w,t1 ' *T , !‘^ Vprv l"^ ir 'P tiuoifith « r.ajiing v^ ,-i 

" ni I TO. Stjiiww ts Mil, nj; t .^1 with hj).rai .-.mu Wot. AtU haad ud n-i-iv, r . 

I- Mdliif nmirijr.-m. iit nni<Mu 1 |! of ,i -r ill-lira. I with nt. sir Ini Hjiiml nttiwli,,L. Bl Still. 

S“* W,th " i«nd reader, ser i-mlinp to a -r.utd Hast. fr.,t„ which i, . t lvJ 

a Vt ^?‘ I, 132 ’ Wl,il nir-«H4ed »pi«L : in the iviilre a cooling vd**] with 

ft inp for running ufF the wmtn rmlin^ waier. 
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Severn l vegetable drugs nrt: iilsn of interest, ijthotigh it is very difficult 
to say whether they were new at this time. Thus (to mention only a few 
examples), arnica was recommended by .loci in tin* second half oi the ?even- 
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ChrmiriUtippitratu* ; AM&ftio tie Stjuhhw* Theatre Fanwtcmiim, 

Korniil Hi ilk fm-flfir-L- A, mqunrp *dill furring B r Ei>pp(*f wutor-btith fumms with Mill l\ water- 
Imlla Viiih Jfc nnrnlH i- uf HuJu I>, th«* i%hhh‘ wit.li h^nt tun tuU* thnsii^h tlu< middle E. ^fwn- 
hath funiiux* with n uluylIht of ilki-ks K. air fumftfl- for hiutin# til? latter* wj[h fiu<l atomic 
towi f £ r , rvlcrl film are H. tljc fame with rvlert on a I i-ijxaci J, i h^^*riBorium K F drying oven L« 
fiirnai-fh for ih-lilhn^ i lJ t r Li ■ lic-jcI with -uH-i4iary funiKt^ L. M* X, athiumr w Li h Hue F, 
plii?iM<.ph<T"- ikvi.ji Ii.-,iEi^L hy ppirilo of wint\ with iwi i --..rn-4 dunj: hath unri (4, 

>ultlii-]jHit jiir« furnace an4 S. Ulikuht-r'.i roljirt funuice imd ^-t'l^drie-i T, £■ tawiKr’H 

ntilk V\ nuhhmBlinn appwnii f( HaulN^i-J \V. < rlaulM-r'-n rolorf fuflinrt 1 X, orflLnarv copper 
funwDt with U L lk>Wi V. hrick Iwllou .*■ fiinmou Z. i-itpol fn > r wo taming ivtt-itr A+t, the .-umiO 
|'i t phukLo. jitHL rln-k- llh. till mtiom tOtind with n- -"I - 1 V r 3 Jil. i'ho I wo Ll.-i pi^ i^ m1'ji|iphru.1 u* 
h!«: specially not f worthy, alno the fiimn™ with spirit lamp. 
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f w< ivrxrt/ Jurntwt, J. J, 

Thf rimiiUT liaqJiJ -^pwaiwl into |Hirt-, und ihc.-^ othlIlJ I .* 1 put tu^itlicr ho elh to 

io^ru ll -s^-E ill funutc^, ii nohliiiiM ion fumai'P, n iksciML-iCirjiim, jl wm i*r- 1 m I h fuma c, i<|r, 

teenth century, but had been used ns u domestic remedy mu eh earlier : similarly 
digitalis {\\ iUiering, 1.775) was probably used in England and Wales even in the 
Middle Ages, Ji may be noted that the use of vegetable* against scurry was 


HH 


PICTORIAL HISTORY OF CHEMISTRY 


first practised by the Austrian military doctor Kamer in the war against 
the Turks (eighteenth century), while nmngea and lemons were similarly used 
by Backstroni (1734) and Lind (I7.77}, 

Much of tiie interesting apparatus of the period has already been men tinned. 
Mention may lie made of Bechet s portable universal furnace from his Laljora- 
torium partatik. 1080. The furnace was fitted with bellow* and could be used 
for all purposes : fusion, assaying, water-bar h, distillation (including derttitatio 
j/er campanam and ptr deseensum). It would not appear, however, that 
i his furnace found many adherents. 
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A pfMtaiUfi illustmirtf m Jr>Jt. S^hr&hf’t Pharmal'opom wi 'limditfrnm*. 

f Ii'i’iujiii N'tJjtiun by KtJ^jhwjESt, Knuikfurt iiiui LPipzi^ ITiHJ*. 

Tjrpii ■■ \[h m i r Ih-hhI i-ilill oil fiinHUT l *ltll with » i by a lubu P the rcryivor 

on mi m3 ju-iui I >1.^ ittmil ; Lile^-- ilIliuLcI with Ryu bulb-: and -1 1 i I - hc-mi : the ” ptiito- 

mid. 1 ’ n liW^IrtMiieully ilfiwn mill basetl pn the pestto am] mortar, ^Thw tvjw of 
inilJ wel> kamu n to TllrutphPiB, U3U-! 

The Uhe of oil and spirit |afii]*s fur heating gradually gaim-d ground : trf. Hie 
lamp furnaces of A, de Sgnbbb {ltfS2), A. de Heide (1H9Q: with raised oil 
reservoir at the side ) aiui of Eaumr, 

Dial Uln r km made an essential step forward in this period with the discovery 
of the cownfer-rfotTenf ctmdrmrr by ( hr. Ehrmifried Weigel in 1 77 1. 1 

L UiiriotV .V|r.nr"n hL-mJ dui LI I ih r Mm it | ij k.i |-iii i ( 1,^3^ ln!>4l hah br^-n < .li^j-rthnil fit* iiv 
iim'fiiitPi h r of UViuH 8 * : I In? I'Qolilijr wator nm ruriimuAusIy ink Llit* lootmjt imd h-'f t Lt 

i Lr‘ji r 5 bi- top. Thin pl mm^iJlTu-n I did tmt. lnowYvur* isirmtltul^ a n,ft| Luftn'Tofy I'tntniBr-ilirfVnt 
i-nndeiiwr. I EI l larkit V -K -i-.il 1 1 lipjHtriiCuri thn- n.r Tin- tYfiSV«T wrts i-..uSm.I by n lunt: im.' lined 
Li jt r i 1 r Yi-ntrtf'i. i lii l-i rc'^'Eaibliiiij; r-s. t «■ rs i »i 1 Fy VVi'jjpirK ruiitJij rtKj.-r z it did pot. however, huivo n nirt- 
tinuoa»kiw hpe e-hhi1iii£ wultr. 
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In Weigel's apparatus the stream of water entered at the bottom of the 
condenser, which surrounded the tower end of the delivery tube, near the 
receiver. I lie water thus (Lowed round t lie delivery tube and left the con- 
denKcr at the upper end. merely overflowing into a waste funnel. Gflttling 
improved this very simple arrangement by introducing an exit hi lx 1 for the 
condenser water. 1 he advantage of Weigel's apparatus lies in the fact that 
the freshest cooling water meets the coolest vapour, thus providing efficient 
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Weigel's count fr cu/renf titouUn.9*r w nj the titjhicrniii century 
Sttsvf with retort, Tl w Ctifick'iuHir eoRH^Lri » tube ihrou^k whirli wMvt iluw - mi t In- upp^ju- 

direction lit I tut i in which tin- YVpmri3#Uc* from the rfllurt. In till* w*v ills' roftkirt vjip out 
riHM-ts the i’i water, A K*ftort. h (^k. B Support fur thciicck of the relort. 

(’ rouhnjjE tube hurTDDlldUgthf u\n*n delivery tltlw. D E, E Support*. Si 

water E rough. 


condensation. The condenser stand is also due to Weigel, hut was consider* 
ably improved by ( Isy-Lnssac. The apparatus was later known as a Liebig 
Condenser, since its extended use was largely due to Liebig. 1 

The iwo-nfci-ed fiatk is generally attributed to Wottlfe f J 767), who used 
it in his apparatus for preparing ethyl nitrate. The original Woulfe I bisk* 
are not, however, like the later ones, since they really only have one neck. 

1 i\llo4l!Hr improve Efu*nt in tl Mil hit kin Jay jij improved fraui-l.ionftlifiii, tl whm m-i mij I v C ’u.mhit 
V iimnun I lo£3 1758) wlio first Jnul thi- iilt>a of ridding ihr tli>i iriutt- to frcfihmw mit to-ria N tri^toad 
yf Ed the rwidutf}, thus ut i Li* j ttir [}lo oxtnir 1 * cm l fqtiid n*ort- fuJly. 
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the second, opening being a lateral tubus. If is probably more correct to 
attribute the introduction of ft aek§ with two or more necks to Angelo Saluzsi 
(1759), He used flasks with two and throe necks earlier than WouLTe, and it 
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/iff J- 


Importani type* dittilliHff apparniu* m the .tcreMtenih muf right ttutfi feumrk*. 
From Xotmamk I/art du ilftsiillfiteur. 

Fijr, L Ai)tii|u^ Tonn of uii'mbir. 

I( £ t 3. Appanitw from Purlfl. 

4. AppdnUn* for obtaining M&enoPH and r-t hi-r^-ji t oiL, LAminy* 

5. Apparatus far distillling ves^table autatnim v*. 

_ p (l f Cootinj: app* rat&% Le F^i-w, 

„ 7. Old apjMuntiifl For lh<J fim p(U((C dtetdliition of bpiritH of wine. 

„ K r Al«mipie r ijtnuW. 

„ ll r Ali'mbip with npirul condenser. 

„„ |H. Spiral eoniJfiL^r. Uarrhua^Ji. 

p , I L Coaling litlw, HcntIiuhvc. 


ia probably from him that Lavoisier and Eergmamx learnt their use. The 
first oxtjtjm blow-pipe appear^ to be due to F. L. Ehrmann in Strasbourg 
(1780). 
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EvrlUxt illustration of ofjijfFH hlmr-pipr. 

F. L. Ehrmann, (Fig*. 1 —4 _ J Afau bldV-|%« on Ntainl, (Fi^. 5 ). 

Porous filtcr-pn i >em are mentioned in Schroder '* Pharmacopeia Unirwmth 
(seven teen tli century), but are certainly older than this. The same applies to 
separating runnels. 

Considerable interest attaches to the electrical ignition apparatus of 
Fiiretenherger (1770), who prepared hydrogen from rim? and sulphuric acid 
anti ignited the issuing gas by an eleetrophorus built into the apparatus. 




Ftp. 4 r 
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We may al*n note a number of pieces of apparatus for making artificial 
aerated water. The first, practicable device wag that of J. M. North (1773) 
consisting of three globes. The lowest globe eon tamed the generating $ub- 


Dc 3 till at ion Untersuchung 

Ladkimi i prebs 
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Appttrnitii* for akiatnintj tfhrrftil oil#!. tiyhir tnth wnhirif. 

JtwEifirutuMi \vu* i Ei m if by rvnlkt Eilat fr’u. Vmi' the i IhustTvitfcn nf filter |Htper and of ii 

tftifnfiMtililr fiuiiwl witli t^p. 


fhxtiUnikrw* 

J >i - 1 i 1 1 u i u* upptirjttih with rmiled ^iEI-liiNiil 

UHl 3 hS lLTlT - Ulith. 

tfiHl-htNiit. 

/nrfiiifja/jm , 

3 , iCltbU- tCrSt. 

Blur. 

fknl. 

I l^iliotcwtof. 

Tf¥it rlUtiLIntian. 

Evaporat inft appm rnl U* - 

Hoot'h iifinl. 

13 1 hah i*tilMu*u:L 
St»p|wir|H. 


SpimJ emu Inner. 
l o|)p>r iljiflk, 

(.iliBJfei 

bnl Ii , 

AppratUH lY«r nictil^nf H ti- nf vine 

juihI ethereal oik, 

F itlntfiori „ 

Punnet ol" shift iron, 

LkL 

1' i Lii 'i ln,u apparatus. 

Filter paper. 

FUtmtinh ikF infu^nn, 

Vk ,T.'I'I nr/ e/j| „ 

Rocoivcr. 

iSeparattn^t timnel. 


stances, chalk and sulphuric add. The two upjier globes could be removed 
anil shaken. thus causing the carbon dioxide to dissolve. This arrangement 
was improved by Parker, and later by Magellan. The saturation of water 
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witti eat bon dioxide under pressure was practised by Wnrltire (JT7tl). Soda 
Wiiter was manufactured tin n large scale by J. A. Weber (1781), Joseph Binder 
(178-J),and Paul (in Geneva) (1789). 

With the exception of pharmaceuticsl laboratories, there are net many 
illustration* of laboratories of this period (i.e. the end of the seventeenth and 
the beginning of the eighteenth century). This is partly due to the fact that 
few university laboratories existed at this date. The most famous example 
of a contemporary university laboratory is that of the Altdorf University sit 
Xurnherg (1882), illustrated by Johann Moritz Hoffmann. It is a large and 
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Nin*.TtU irulrv fia*L m A : Parker anti MvtjeHun* 

\ Pn- j>acnt H>r Pltfkm dioxido frutri oH ntlk dud oil of vitrtnL) 

A Evolution VfiBei , F KvcdutiteU vcA«f] i 

B Ah-MarpEioa vr*«ej Purler 1 2 Ah^rpthn vv*ael > Mngdtull. 

C Prepare vesom] J H Prttftrfurt j 

K Stain I. funnel, nyrtaimv bHoypI. 

magnificent laboratory, with furnaces for fusion, assaying, distillation (ail unflcr 
draught lioodE), An imn lAboratoiy furnace, fine glass vessels, alembics, sublimn- 
tion apparatus, and many other l lungs. The same building served ns a lecture 
theatre ami has a lecture desk and seats for the students, li does, however, 
give the impression of being designed more for appearance find show than for 
actually carrying out r-hendcal work. J. K. Barehusen's laboratory At Utrecht, 
is less grand, but probably much better adapted to real work. 

I he little vignette of one of Scheele s works shows a chemical Jnbomtorv 
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The e/i i-iti J i-i-j J o/ fi 1 ^- . H litfotf 

Thp Altderf luuvMwity luburutury {\W?\. in Int^ ImroqU- -itylp. i* tht‘ <irrmnii uui- 

y,, r _ i c ■. In tii.i r-LLli irv of W ikac-ll WO ptOSO-w it | 5 |Hl i i i v. i l Wlih 1 fcni r I y -si * fiw lc-JTkjC. II Ft tvn « i I lu new I 

Jourt^ri in^h. U is-i mi HiolitaritUlK Two tnnso draught 1 *** 1 * with rantmuouaty 

horning ^Itew* fumai-e H fusion fiitTuU*. n.-^iy fuming Imuji fanwo, ^nrL,. ^h- 

nEifL wjLfcfrr-hnthflt -ii iiiiEi i list i I lilt urn jftppuilLusi ■■ Mogr^ h™J” still, small If on funiuiw, 
in U-r^t in^T ^vs-y-Ls in tho wjmluwiH. The ^CHllniL f^llipinflflt pives tho [mpK%^ull that 
It w i l ■ Ur-tsi Foreplay rut her (him for working wit Ik 
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/JrjivAri*rii’- fafomf^ry c*f FTwAL Itim 

■lah. Koni\ Uurrhii ->*n’s Ulmntory ithaWa a -melting funuuw witii billowy, atiiLs with roolio^ 
ve^wh. dSpcrH Lion I i j t 1 1 i with fii' 3 conUin&r, reverbemto^ fuRIAMl fur retorts- cupel fumais 
for--ouLhctt.il ilist iLlii t «r»iL F H« l . 
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which must have been old-fashioned even at- that time. The apparatus 
depicted relates chiefly to tfie testing and separation of gold atari silver. It must 
be regarded as an artistic composition rather than as a picture of Sdieelt's 
laboratory. 

The picture of Priest- 
ley ’ s I ill jorat i iry . wit h the 
ordinary fireplace adapted 
to chemical use. illuntrau^ 
chiefly the simple nature of 
Priest ley s ei| u ij ament . 

The next good example 
of a chemical laboratory of 
this period in. provided by 
the pictures in the Dic- 
tion im i rt m isofin e des 

yci ernes, dcs ft rts ft des 
met in#, 17 HO. 

The laboratory ill ns 
t rased here is well designed. 

The furnaces and stoves 
stand under a Isirge draught 
hood, though this, of course, 
was no innovation. Bellows 
fitted high up can be used 
to supply different furnaces 
at will, Besides old- 
Cashioaed vessels such as 
alembics* campana T abide Is, 
there is also apparatus for 
prej m i s ng s ulj ihu rie at-ic 1 I iy 
burning sulphur* vessels for 
measuring ^ases, and ti[- 
t ration stands. The whole 
eq uipt i i en t is, h i > we ver t 

somewhat inferior to 
Lavoisier's. 

There is much mure 
material available in views 
of \ >1 s armace Sit tea 1 Ja bom - 
Tories, Of these we may 
mention the well-executed 
pictures of Balthasar 
Schnurin* 1(170 ’ the Capucins pharmacy in Paris : pictures of English 

laboratories in the s " Universal Magazine,” 1747 ; Caspar Neumann's pictures 
in Berlin, 173#; Hagen's picture of the Knnigsberg pharmacy. I77H; and 


Pj 
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. I wdytirai iahomtortf* 17(5, 

n rhfjnirrt! work puKiiibrl hi 1715 under a 

niuHtnitjcjM of Onllyiiu i if iiH-Oit" with 4 raugUt !Uhhh| und 
tii^ay f i irtuico, iimrEfi'-, iwihlu, CLip^ls, parting Huskhi, 
lur**^ *p&kr* foron\ brtlfUii't" in easas. anvil 

muS 1‘qiripevHmt far uorkinit metaU 
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illustrations of the wonderful laboratories of the Berlin state pharmacy at the 
end of the eighteenth century. 

The abundance t>f material in this field still further emphasises the feet 
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J. yni*th# y x tobnrttfary, 1775. 

XmpairtJmt cltgBOWfjQtt in fini'iimutLi' fchiJtrtiHtJ'y mv dufl to Primitlpy, oh m-Jiilpd by thm 

jDtMrtlidllr Ha mboduced mercury iw fcho TOnlmirjz Liquid in tht pneumotk trough (di*- 
e©\wed in 1727 by HaIn f]BT7-L?UJ) J. In this way he wa* a bit’ U ? colleH arid invMlifpikte 
iLEEmea which nn> nh*o Hat'd by water (£-(T. hydrogen chkirirk, sulphur- dioxidt ntod umiiHtmu). 
uf raofc with l! (fctf. jalk-n teimfluoridah The- picture abow^ a tiro grate in which n jJim- 


harrel ih liralfd. Thu gu-cs (Iluh waived rtp- iNilto^tad 
Ehf table U further appuratLi* for roL Idling 
uppjinuu** for invent i^ut mu the action of otwtric i.j;j ton 


rLitlbrntH^ nvrr mercury. On 
mil tahfc on thp loft i^ an 


that in the eighteenth century real practical chemistry was almost confined 
to the laboratories of pharmacies and metallurgical works. Right up t-o the 
end of the eighteenth century it was practically impossible for a student to 
study chemiatty at a (ierman college* Hardly any institutions had lectures 
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PLATE 1*4 

From ih^ ! ' UnSvflMl Mh^huid/ 1 17*7, 


liith pkittiff* (rivcw the improMtiaii that up to tbi- rod of ihi L inghlftintb miurj' tlistiMkpR 
r>|«nt(u ill *i II- vj^riiMl fornw the nicul important wjuipmimt >r n jjhamural * 


T 

Apparatus 

laboratory' 

" 1 claries under Joh. Gg, Gnulin (1753^1755)* Phil, triedr I - tne j i n 
ti-foo-iiflPi, and later K, F. Nielmayer (1796-1817). Similarly, at Freiberg 
(Saxony } Wilh. Aug. Ijimpadius gave practical instruction, in the laboratory 
of the mining school from 1794 onwards. 

At the university of IngoUstadt the pharmacist (1. L Rousseau taught 
pharmacy and chemistry. using the German language ami carrying oat experi- 
ments (1760- 1794). R. (5. Hagen, pharmacist and professor at Konigsberg, 
had a laboratory from 17711 1<» 1829. 
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with experiments, and stilt less practical classes. There mis & 

Jena where the able pharmacist J. F. A. Gftttling (1753 *1809) taug 
practical work. There were also laboratories run by Pickel (1751 -iojoj 
u-nrgJmig. awl by Frans Ignat* Menzinger (17711-1826) at Freiburg, but 
no practical classes. Weigel at flreiiswahl and Joh. lob, Mayer at 
Erlangen had no laboratories, and the same is true of most of fhe other 
universities in north and south Germany. At riibingen. however, there wcic 
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INDUSTRIAL CH KM IKTR V 

Thk technique of preparing mineral acids, founded by Glauber, was 
considerably improved in France. Thus Demacby describes improvements in 
the manufacture of nitric acid, and Kasuan (nineteenth century) gives illustra- 
tion* of improved methods of obtaining oil of vitriol. H. U. Duliamd ilu 
Moncrsii (1700-1782) introduced many techno] Ogival improvements, c>.g. (n 
connection with sal-ammoniac, soap mid starch, lie was one of the first to 



PLATE ISS 

The totorntarp of ths < op vein* pharmacy* I*bri*- 
^>Kira|iiry with nblrtcroiLi arran^mfi it* for ili^tiilcitum i ulfiuhin^ and k ' Moor'a haul* of 
and tapper, frtove with amui iiornmt fur continuauit bn ruing, wutvr-hntliH uu<i 
batk, 

Th^ viiR-nt (ColuKor \ {pen) virihlp in t he pit^ure wore ocmaidwa^lp Ei!i.^liiiiua.| iiiiiwrtnnct) 
*»n> andilaili- opu right up lu rw^nt timC^. Ttoy u.-ictl mu only f^r pn>piHng 

r ln-ri Lik , hut id-tf) for a miinb^r of oihfr purjxwra. V"L[hthi“ hwta WUV Ubfid nn n rmnedy f^r 
Juvc | h i taOiasi ■iiiifL bvvitcImipiitM, And thuir tivera for t'lii'Ipmica. or niAliglU. 

R^iitin vipcrariim Wttw ptCjMtzvd from lieand und liver* hy drying* powdering and e* I ni-dilig 
w-ifti npirild of wini\ Viper fat (Pinguetfci vfp^nmui) W*s mufh mavd rh n remeuly far go j Ire 
am I an a (K»iiTWttit (ho «kin and liaiiv WhuLo tipi^ h iw muth iir^t fiat 1 fatvfutrir^ ThiT-jjiks 
Amiroinarh i, nml oM pharmafopn-irtH proviele muMroua rctipt^ for pmpAril^ vipor K • rr»l h-., 
vip^r Uibk-ls viper mil mnl m-imy Hpwifiom ngairu-t plagues containing vipor* 


make soda from common salt. The sulphate was converted to the sulphide 
by heating with carbon, the sulphide to acetate, and the acetate to carbonate 
by calcination, it may be noted that his method includes parts of the Leblanc 
process. The next step was the work of the unhappy Nicola.-. Leblanc (1743- 
1806), who cheated the French Revolution out of his discovery, and then 
committed suicide. He heated the sulphate with a mixture of coke and lime- 
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*tone. so that on extrac ting the maw* a solution of soda wo* obtained directly, 
leaving a residue of calcium sulphide. 

The Leblanc soda industry was a necessity, since tbe supply of soda from 
mineral mid vegetable sources could not possibly meet, the demand. The soda 
industry presupposes the manufacture of sulphuric acid, which also led on to 
that of chlorine, hydrochloric acid and caustic alkali. 

The beginning of the eighteenth century saw the start of the chamber 
process of sulphuric acid manufacture. This process is derived from the 
preparation of sulphuric acid per ainijHtnmn. a method mentioned by 
Riringuccio, known to Libau, and first described clearly by I* Fcbre (Lc 
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PLATE 1MI 

Tht p/ tfi r rorfttf Mfatr phiynnfiftf fit K&n 


^niviny tiilum from “ Ischrlnuti tier Apothr.kvfkunMt , 4 * hy KftH CaOtt&wd Konic." 

wrp T I77tf r 

Xctli* the nimpk? miiKsmmth t fa rihiEp <>f l^ri^ks Htniill iron stem?* ttrnttlgjmuint* 

for iilg^lian, rtc, Tw impramii receive! Ihut work wufl ruully Jciiui Lei this loborutory , 


Failure). ftL ('hams ( Ifll0~l6&8) and Joinery giro good moat rations of the 
preparation of chamber acid in the laboratory, Quantities of saltpetre and 
sulphur were burnt under a bell-jar and the product absorbed in small quantified 
of water. An earthenware pot was generally used containing a crucible for the 
combustion and surmounted by n glass bell -jar. 

The Hrat large plant was that of Ward at Richmond in 1730. which used 
large glass vessels, saltpetre, sulphur and a little water. Early plant w as also set 
tip in Holland and in Rouen. Denmchy also describes large ghuss globes. These 
were not, however, sufficiently large or durable, ami were therefore replaced 
by rectangular lead chambers, the first bad chamber plant being that of 
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Roebuck at PrestDnpams, 1744 or 1749. The first German lead chamber 
proteins was erected by Bunin von W altz ait Ringkuhl near Gm&Ht I morale. 

In 1 703 it wau shown by Clement and Desormes that the oxidation of the 
atdphur dioxide was not actually carried orn by the salt [set re but by the air, 
which had to be renewed. The enormous sulphuric acid industry is thus the 
work of the eighteenth century* Hydrochloric ueicl is a by-product of the 
licblanc process* and can he used For making chlorine (with pyrulu&itc, ef, 
Scheele), thus leading to bleaching w ith chlorine or chloride of lime ( 179ft), 1 



I* LATE 137 

Lahomiaty nf ific /ortnc/ rwjtil jital.? pfnirmtirtf a a Iterl in . tttuYttf ta%tj of Ihr * itjhifrt\tk tmUtry. 

Krum a reut^uijwrary gfami p&it-uid’bUc dmwfzkg. 

Mrtt»y famous JIR-JI workc^i ih Ihr luWumfy Ilf thr rtJLt* (iluinrimT, numbly I k4pnr Xinjuiann 
and hi* Fumtm* ftu|til Amfrfad SigErtimind AbirgjrrjiL whip in tlir yeorri ) T25-173H mvivnl 
litiumuicrutiral and ehuraiiui Helmut, ion tbrt + . 

The liluHtmllan nhowNi a ^ll-room with a. large *»irtrk of jjbi-.-. van- (alrcnhfo* and n'iiM-U). 
also large copper *tilb. pn>bahS> fur progmiing proUuets trefitaming spirit* ot whw+ 


The Mani’pacture of Gas 

The lb mint ion of ooiiilms tilde gas cm heating coal was known as early as 
1530. The manufacture of coke began in England in HUl), followed by Clayton 
(1064), Shirley (1667), J. J. Bccher ( 1682), Hates '(1728), Watson ( IT+iU). laird 
Dundoimtd (17915). The name ‘ ‘ coke ” lias existed since 1069. In 1701 the 
Belgian professor P. Minkelaers lit his laboratory at [jGwen with coal gas. 

1 Thu punmi/nrluiv *A phoaphnrc*i^m mamriftl wm founded by Cmiurohitt with fri* ph«i- 
pljt>EiflW‘Ht barium nulpliidt-, anil continued by Ciir. A 1 Ik]iifuvin w ith tin- di^rovrrv uf pli'*** 
plum^-ont rulriunt eulphide. Fmnst Hnfmunu pn?pRreri 1 4ic»*phorra.'vM nuUrrml m I7<H> by 
.ivciun.TLs? eypouiD, «nd Lirtwry fnnu barium Aiilphntf in 17-S«i. Hr wiu able lu modify rln- light 
by thr jliIiIje um of ropprr, mm or line. knew tlml the RublaiiiTB t^niiTnu’d wrns 

nhphldfrs ef l utiium and barium, hut the n&tmmiy of addition* wot. not rcsh«>d until Inter 
J-ICC* W 
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The knowledge of wood gas goes right hack to antiquity. Various people in the 
eighteenth century produced wood gas for i 3 lum i nut ion, e.g. Philipp Lebuu 
(1 78a) anti the pharmacist W« A. L&mpadius (1709) in Freiburg -Halsbrugge. 
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PLATE ifiB 

Viete in ihr. fafontf ary of thti tr fvyal ■■•tote JfcAartflocy in Berlin . 

Swornl Mu I IT «r eMm <-ij£htu&nib cputury* ccmlumpomrY pen •aud-tnk HhLwLug. 

TlU’ jiicliin 1 4luu*. ji Nrftrtii! r*m m frith w\ umiomtul drmugtit-JUK>il. iptHtty fiamur^, Hon 
nOtunftl-, fipiiEtf hin unit large stork af glA^ flppontu^. 


The pharmacist Erxlefoen manufactured illuminating gas from animal remains. 
AH these used iron retorts , . 

The true founder of gaw lighting \vas T however, the Scottish engineer 
William Murdoch (1754-1839], who experimented with arrangement* for gas 
lighting from 1702 onwards in his house at Redruth, The first permanent g&s 
lighting was the in* la I bit. ion in Soho in 13G2, The#® early workers removed 
hydrogen sulphide from the gas by means of lime t as discovered by Mlnkdaeiu. 
The first gas -holders were modelled on the pneumatic laboratory vessels. 1 

* Laboratory ^.holdeifl wc*it> OQimtractod by Hfddcra, 17U% urnl Pftpya, 1902, 
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M etaIlLurqt 

The Nourishing metallurgical industry of Germany was brought practically 
to » standstill by the Thirty Years War. Thus in Mandeld about 1860 the 
annual output of copper was about 3(10-400 hundred weights instead of the 
previous 20.000-30.00(1, In the seventeenth century Freiberg produced about 
10,000 gulden instead of the previous 50,000. It was not until the second (tali' 
of the eighteenth century tltat these industries began once more tu Hourish. 



plate t;.n 


" ‘ Vw\ rftm Icbrnditfen Srii UY.ftd . 1 p M . V/. Vfilf.ntin t. !7iH. 

Thy illiidtr&tScm *if thr vokuna KtlUi in 11 ^ii-iliaii Iuhh *em« to reminil un t«f Ihp Vnlrmtic- 

*>rigjn nT siirifihilrp imd tliot it ^ rhitjf NdurMr in Sicily. 

Tht< drawing on I Ih* right j- Lip|mrihtiiri for " i'ci mnuio Spirit ^ulplmnn pur riiinpAiLiLSH,'" 
hit r ditunl^’r huLphurk aekh A mbutitv #f autpliur and -alinin' h lynMH-d m a tvfrirtory 
-•iuc-iTiIh.- >tm]-ljnu: to uM ytWtb?nVHUW rontnininj: W«U?r urHl COVotvil h\ ji lN-iJl-jctr. 

Si J Ephuru- atrid bt forttlttL 

TIi is is true of the Arnherg iron industry, the Hum mines, Schlesjen, Lothringcn 
and Saar r The Siegen iron industry appear lu have suffered least by the 
Thirty Years War. and mmt have provided armn and ammunition towards the 
end of the war. 

The production of coke for the purpose of iron smelting . introduced by 
Abraham Darby, dates from about 173a, The first blast furnace using coke was 
erected at ( \mlhrookdaJe ill Shropshire, The first coke blast furnace in Gann any 
was that of Freiherr von Roden at Gleiwitz. ITtHk 
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Among other improvement* in the iron jnduatiy we may Ljuot!? the 
following — 

Rene Antoine de Reaumur {1673-1767) improved the method* of atee! 
production, especially by cementation, 1 



Manufacture. jMtuuA. 1/. Jt. Vtilf hiiui ¥ lYtl i. 

Vulvnlini dUTdrflntultaa betwr^n wow\ u^-h, prapund for uno iw 11 colouring matter from 
Inciiufmted wine k**.+, ftiul ardnwy patuJi, niripimtNv prepared from the o*h of oM »me 
hnmb r Inter from the rt-'h of fsflk or other wOckL 

The iu»U in mis mi with Witter in the 1 Imtt L and the solution tapped hkFT Enta Uh< ve.^ol K_ the 
being repmted if nectary. The lye wjlh then ri nporntfii down ill the Unitor L>- 
being reiri&eect tram ll u fuwt ah it bail* away- Tho potash is then removed from the boiler 
with ii ehi*»h In order lo make it white ii to heated Htrougly in the funuw AO* 


An extremely important advance in the metallurgy of iron wa « made in 
England in I7ti4, when the puddling process was discovered by Henry Curt 
r 1740-lytH.i). This process contributed considerably to the pre-eminence of 
England in the iron industry for the next hundred years. Coal could be used 

1 KihiuEiiiu* wiih I he founder of lln* fiLTuun* work a ei piuuiy voInriKv, D^Knp^icn f/c# nrU tt 
mthrr*. I hr greatest t«cbnt>k>ginl work which b4s ovpr enttfitti Even up to tike pre-WEil time no 
work Uu ujipeatvd udiK*h even Appnnimfik^ lurrsapontb to KeJiuimir a, m spito of the ur^‘n[ 
nn*d for audi « bank. 
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in the puddling furnaces, since the iron does not (some into direct, coot-net with 
the fuel. 

About 1740 the Englishman Benjamin Huntsman discovered the crucible 
process for making sieeh 


Glass Mam tactljrk 







woa advanced considerably by Johann Kimekel (1830 Although 

Kmirkel owed a great deal to i\ Antonio XTeri (whose work on the manufacture 
of glass he translated, with 
additions in 1879.), the new 
empiricJil discoveries which 
he made himself are worthy 
of mention. He knew how 
to decolorise glass w it h 
pymlusUe and arsenic, and 
made many typed of coloured 
glass. Ills colouring matters 
were copper oxide, verdigris, 
pyrolumte. ferric oxide, 
magnetic iron oxide, sul- 
phides of potassium, sodium, 
iron, antimony and arsenic : 
carbon, cobalt oxide. He 
also knew how to make 
white cloudy glass with zinc 
oxide or bone ash. 

He i* best known for 
his ruby glass, i,e. gloss 
coloured ml by means of 
gold. He was In fact hii 
adept at this technique, but 
he did not discover it. as 
gold ruby glass was known 
even to the ancients. In the 
second half of the seven- 
teenth century both Libau 
and Glauber knew how to 
prepare colloidal gold in n 
form iisdsil in practice, 
lomuled on “ purple of 
Cassius/' This work was of 
great assistance to KimckeL 
Further, a* Kunekel himself 
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Ap/xirrilm uf M. Ghnm* a HTML 
Kit .an Chftfiw 
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A D AliuM un Funiiu-u. E EnrtheaWim polet for in/ikm^ 
^ulphurh- urid. I 1 ' Ulus* brlhjjir for ihr >wmp piirpCMr. 
<1 Cruelly f mr sulphuric add cDrn^ustiDft. H Lurgr 
gift** filntr*. I f!rnf , nslitt for fuilpHtirta unkl combttiitinn. 
K. WlE-jur. L tililLhttui. M. lV*Trulul.Eiig vn*MeJ. 

X. nln h inljir in ojip pipit', 0 Pclieui. 


admits. Xeri also gives a recipe for ruby glass which leads to the desired result . 
The statement that Kuiukel used bc^osilicsfitegla^ for imitating precious stones 
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is badly in need of confirmation by analysis of some of the many examples of 
Ids work still extant. 1 

The greatest advance in European industry wan the rediscovery of 

genuine Chinese porieluin, made in 1 7 Uti by the pharmacist’* assistant. Johann 
Friedrich Bottget. 



PLATE m 

Of tm ftteirfr. frffm Abrnhutn n Sti ufa <'tnrts a /•f.ttirwf knlf pf fftr Arrrnttrnffi firntur*}* 

Oj] or spirit lump with f+wu e f(m* dmikffhl-hiKtd. 

In recent times attempts have been made in some quart-era to attribute 
the chief share in this discovery to Ehrcn fried Walter von Tschirnhaus (1851- 
1708) who has come to he regarded m the scientific superintendent of the 
alchemist Bflttger. There is no sufficient documentary nr traditional evidence 
for this assertion * moreover, Tschirnhans was no longer nlive in the year 

1 K Liiii -k+'l lind m - hi^ljpr eduraliait, but it ba oony td we that )u? Wrtw n skilful ] «nni ivA\ u.irkor, 
H* worked phnaplnu-iirt shortly oft**F Brand, mid pn-p&rvd Loth fthvl nilFafr mini ethvl nitrito 
in 10H1. 
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1709 when the discovery tvaa made. The historian therefore cannot deprive 
Boitger of this discovery, even though he may have been an outsider and not. 
entirely unobjectionable as a person. 

Hie immediate predecessor of white porcelain was the discovery of the 

red Chinese stoneware 

[which was known as 
BOttger .stoneware, never 
as Tech i mba ns atone wa re \ . 

White porcelain was not 
discovered until after 
Tsch irnlmus' d eat h . a mi 
reached its full height at 
the Meissen parcdain 
works, 1715. 

The eighteenth cen- 
tury also saw the first 
production of white ware, 
which wan unsi literal 
Opaque pottery, either 
white or coloured* Its 
production depends oil the 
admixture of Hint with 
Hay, discovered by 
Astbury in 1720. 

-Mention may also he 
made of Reaumur s frit 
porcelain (about 1 700) and 
the English hone china 
(Chaffers* 1752). 

Xicolas J a cq ues ( 'ante 
( Paris 5 1794 J discovered 

the use of graphite mixed 
with Hay for making lead 
pencil*, and knew how to 
produce different degrees 
of hardness by heat . 

Great importance 
attaches to the discovery 
of artificially prepared 
ament by Smeatim in 
England in 1756: cf. also Parker f 1 70+5]. 

The German sugar industry derives from 8. Marggrafs discovery of cane- 
sugar in beetroot (1747). A pupil of Marggraf, Fran?: Karl Achard (1753-1821), 
developed the discovery ami evolved a method nf extraction essentially the 
same as that used to-day. In the year 1799 he was able to present a sample 
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Fr+nz KaH A than! \ 1 7M- lull 

A pupil ol" A, MirEpriif. hp routllftxl tin- Aiflilf-ln'ft 
ii li lint ry , 1 fcbh 1 first sii^ar fnv tn ry [?rvici|4 s E »rUn 3 in 1 SO I . 
1 1 ir4 litnl bore Iruil * haring I hi- Nn|KiktHiif 

MtK4ut4# WTwii thm hlurkinl^ was lift«J, most of the 
fietOna clraed down, imd did «nt fp flourish swnin 

iinti] about I Spoiler Achm-Wt. tlrtih. 
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AI cubit rammi twjraliny _4 m/rcer* &ij/ijrivi fcri?^ J/ffngfp-ri/, 
Stnjrk by iht' Swi-nliNh ^Ic^iR^cr Arljun-HHi. 

I. Wttm t, -• Huf k. 




PLx\TE 1+545 

Thr. ltt!.H,tratvrif tr/ if]t rvyal m/jv^ phurrtmcy at Eon 
Ttile vignette from u Lehr biwli tUtt ApotMterkuiiMt/' hv Kti+I UftMllwd Unjoin, 1778. 
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£>| beet sugar tu King Friedrich Wilhelm HI of Prussia r (Chicory root wag 
first list'd in 1771 as a coffee substitute.) 

Improvements lit the production of alroh^tk luptarx were made by Antoine 



PLATE Jt>7 

IfKrtwf tmif iScfarobfr. 1752). 

TIjo picture nIjOvv* the tivatiiki-ni cif woud tinetom), which wim jjrevioiinlT umx] a-, n 

IeIhc dyo fur tyxtiW. Thr tiinhiifiu'liiri' of svojiiI ctbh at OJU L ilim- ih]" cTj-Eir.Ldnnihh- jfiiptirLiinri 1 
iix I iH'-rrnn.n y, but after ihe discover nf thn -*\a route O* The En^l Indira by the Port llgui™- 
il un* ^mduAlly ib^plucoi I more and tuno* by Iiiriipufuru luibtonm vji^h coiitnihji mare 
indigo and ji thorifon" unfffh J, Iri limn) aid pharmndcs it in still portable ie Hint “ fbrhu 
| -40 ii Si- liin’t." in the feinn of bftlfrs, rousting of the eni-ihnl woad ptaats formed ta^tlur 
into Kiil||h ihestEt-cpf nftiriH -iipph 1 *. The pii-tnrp tlum-i tlh- t’fiMhillpt inill ^iirroundENl bv drying 
ItljMVfi for [hr- UjiIJ wottd. In the left farwoufld h « bucket w ml wining the fimdlwJ phxlurL 
IJir Irirfle mill -sto nets with which tin- wofed on* rru&hcd nm «till be found jJl Thurinthn ured 
JL " ganun Ublw in country tun*. The ln*t wo&d mill in Thnringin wa* in IT^rdiiijisk^bfn, 
ufllJ i™*t working in 1007 . 


Biiunie by technical work on distillation apparatus and the introduction of 
hydrometer* for measuring alooholif content (ITtlri). 

i'hc m im ii to ct ii re of spirits From potatoes is mentioned by Berber (168a), 
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but does not hpjhjat to have been practised until later. The first potato 
distillery in Germany started production at Mottsheitu (1750), In 1709 Giovanni 
Mark Karina at Cologne started the sale of eiiu de Cologne, which he had 
invented. 

Rubber maimfacturt also began (very modestly) in the eighteenth century. 
Rubber was first brought to Europe by C'h, M. de la ('ondamine (1730). It 
was of course discovered by the Indians (first mentioned by Oviedo y Valdez, 
1535), Rubber t lilies were first made by Grossart in 1768 (at the suggestion 
of Herksant and Macquer) and in 1770 by Priestley, who also first used rubber 
erasers. 


CHEMISTRY IX THE BEGINNING OF THE NINETEENTH CENTURY 


\W. have already seen that the important foundations of the giant structure 
oj modem chemistry were laid by the great chemists of the eighteenth century. 
However, many *>i these foundation stones needed reinforcing, 

Although the law of constant proportion* had been demonstrated dearly 
,v " pn7 ' el 111 practice and by Proust in theory, some extensions were found 
ncressai.v Boj lo knew that two given substances could sometimes combine 
together m more than one way. e,g. cuprous and cupric chloride*, mercurous 
and mercuric chlorides. Cniiksjiank showed later (1801} that both carbon 
monoxide and carbon dioxide consisted only of carbon and oxvgen, thus 
constituting a particularly interesting example of this phenomenon' ' 

It was Del ton, himself a bad analyst, who gave a theoretical description 
«l tiie facts by adding the law of multiple proportions to the law of constant 
proportions. This law of multiple proportions states that if two elements 
combine together in more than one proportion, t hen the quantities of the one 
element combined with a given quantity of the other element in the different 
compounds bear a simple relation to one another. 

It would be very satisfying if Dalton’s atomic theory had been based on 
this discovery, since the law of multiple proportions can only be satisfactorily 
explained by means of the atomic theory. Unfortunately, however, this was 
not the . use. since Dalton’s revival of the atomic theory was chiefly n specula- 
tive piece of deduction on bis part . 

John Dalton (17(16-1844} advanced the atomic theory in the vear 1802. 
He emphasised clearly the theoretical condition that the ultimate particles of 
homogeneous substances (elements) should lie identical in their weight, form 
and nit other properties, and lie regarded ir as the most important, aim of 
chemistry to determine the relative weights of these particles. Dalton denoted 
the elements by means of symbol*, which were not. however, adopted by 
contemporary chemists. It was left to Berzelius to complete what Dalton bad 
aimed at, i.e. the determination of atomic weights and a universal system of 
symbols 1 


Dalton was fundamentally correct in his assumptions. His symbols 
represented atoms, characterised as regards both quality and quantity (weight). 
According to him compounds also consist of ultimate particles (molecules), 
formed by the union of atoms. 


A wd I -presented molecular theory was first worked out by Avogadro in 
I -'fll and Ampere in J8U. Amedeo Avogadro di (juaregna ( I77U - 1836) 

r . * theory did not of voufw ori^mato with Odlton. hut Wiw |)kp|h<mm| by various 

* ret It philiMOpborH, ranyMtly UnniM-ritlu, who dr-Jia-tl the tmlimth*! ilivbtihilitv qf mutter 
ll». , 5*i?f? r , 1 * " H m,wf huVo appeared rontnuy to common nfri-J tib- limited 

iHiNJlay of .toil tor nut only apply within frrUtri limit*, anti under ifrtaid .•nodMMt*. U,.f<»n. 

‘f *!**'■■) Very nf tin- low of multiple proportfotu there wAh no real iwrresitv lor tin- choniHt to 
iiilDpl IhtMitOmiq theory. 
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/frjfftfN'* far eirmr-nt* <m*t r.ompmnd#. 




Conipuixnd&. 


IJihi'r 1 ‘oriiprRirnEx. 


advanced his famous law, according to which under the wime conditions equal 
volumes of gases contain equal numbers of molecules, A necessary prelude 
to this law was Gay-Lussac^ law. which stated that gases react in definite 
proportions not only by weight hut also by volume (1&05). 

Avogadro*s law made it fiossible to determine the molecular weight* of 
substances from their densities in the gas stated 

f Ttn' HnarruT definition of mota-alnr tmfgllt f* tluit dm- |o Laixmit, whfoh (rtate* th«t <ls« l 
molx-i-uEar wt l^ht of no lament or ijonij Wfanil Kh f 3 Nil wictght ofil whirl) m I fio y4^xmn oeciilpl^ 

I ho hj'iilm-*- vdIuiuc ns two Mtuum of Iiydrr>j4<> n under she surm- tnliLliUuh» L 
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I. Oxygen, 

-- HyirogPii. 
1 

4. C'wHkjh. 

5. Sulphur, 

(i + Phoiipbqrufl. 
7+ (^oM, 

H. Plntinuru, 

!*. SilviT, 

Jlk Miwiir)'. 


Eitmtui*. 

II- Copj^r. 

12 . Iron, 

13 . Sh'kvL 

14. Tin. 

1,1 tjwl 

Ul. Kim-. 

17. UbuiiUlh. 

JH. Antimony. 
11 *+ Anteiuc, 

JO. i'nlullr. 

LM* 

Cranium. 

Tllll£:-iH k IJ. 


-4. TtUmtuiri, 
56. Oortum, 

2ik PotA^ciutn. 
-7 r Sodium. 

■JH r C«lctltIIl. 

2t+. ^fo^nc^iuin.. 

30. F kin li j it. 

31. Fiirantjuiiu 

32 . Aluminium. 

33. Silicon. 

34. Yttrium, 

3-5. Dcryjtimq. 
Hh £frroriiitii)+ 


37. Water. 

3H P Hydroflutfcrir orii I. 
30. f I yri raidi torir m i id_ 
40, i 'litorJi- arid, 

Jl r Xilrji- oxide. 

12. Xrtfttu* nshk. 

43. XilnCi «j.'kL 

14. NTtro^n peroxide. 

4, r P, XitnuH fti iil- 

4fi. Carbon moimxiik 1 '., 
47. Ckrbun d ius idc. 

4 1+. Sulphur rlinxidr. 


Crtmpounth* 

41 * r Suljihurmin j*ci<L 
5 r*. Sn|i|i}Mirii’ add, 

5L PJiOf^kboroLiit add. 

52 . PhcuphoHe add. 

53 . Airvnioiniu. 

64 . Eibyh'Tti 1 . 

56 . MciIuieip. 

JUS. I Compdiuid^ of nulphnr 
57 - «' Klin I by drouth, 

."h?i 1 1 'HiicijMhcirki U uf aulphur 
* 4 t. | eieiiI phoiphumrv 


1 . Fota&»ium by dioxide, 

2. PutAttNiuol hydride. 

3. Pfltamimn inWniit^ 

4. ShmIiium hydmxjdi-- 

5 . SiHliiim hydridr. 

H. S^ljiini earixiiuiUn 
7. < 'ahdntiL hydroxide, 

H. ( 'atrium earlumalr. 

U r Cilcillm rfu] pl.m tr. 

li*. Calrium nJlrml*. 

II. f’lih'Liinn Hdornio. 

11 Jk-u iijeii hydroxide _ 

13+ Hfcttilm f ilrlionBir. 

X I Barium Ku]|]hnto. 

\~v. Barium nitrate. 


Olhtr compounds 

10. BaHuai rhlurtdr. 

17. Aluminium nu I phi to, 

E"i. Aluminium nitmH*. 

Iti. Aluminium idsiuridf. 

an. Alum. 

21.1 Pout**tum 
22. i silkatff. 

1,1. Poti^iuni mlL-ium ^iliVuto. 

24_ l } iM(twn twrium niik<ato, 

26. Si Ikon fluoride. 

20. Ammonium potA^ium rompciimd + 
27+ El hi, kw chloride. 


The ddvrminnt&on of atomic urit/fit# wus effected by determining their 
smallest combining weights* This was due partly to Wenzel* and, above all. 
to Rer/elium By 1 HI H Berzelius bad measured and published over two thousand 
molecular and atomic weights. The true state of affaire W*s however first 
understood completely by Cannizzaro. 1856. 1 

1 This may bo «wn from iFni following wiiitortwnt by C^intUUMro : L ™ Jl in found from hi i illyao* 
Hif compound* im iiiOiininjj liyd .nijjun thJtl ihery flavor contain u HmulJor amount of bydftigna l hull 
half a molecule, Tbi* U. dwndoio h hh fur nit wo know . I lie a m id I* ■si quantity of hydrogen which 
t‘4in oxint, M'. llso it r ■ hijl h hf hydrogen. The hydrogen molecule thuartuuut* of I wo atom*. ami the 
tunix-ulnr woi^Fkl of by* I rr.jpj;r-n U Ui i wit-^ ith llomir WrigbL 1 * TJh> polywtomk- aatiuv wf 

the mcdwnli** of musty vlmamtB wan not known to Birnmlivn ena hrn contemi»nwiw. 


PICTORIAL HISTORY OF CHEMISTRY 


390 

Berzelius referred atomic weights to oxygen ^ I0U instead of to hydrogen 
= 1. In order to give some idea of the reliability of his determinations, wc 
may finite rhe following figures (converted to the bads of hydrogen l); 
carbon — 12 12. oxygen — i*b sulphur — 32-2. Other value# were, however* 
twice too great. e.g. lead — 4 IB, mercury = 408, iron — 109“ 1, copper = 129, 
and some even four times too great, e.g. sodium. 93-5 f potassium, 157-6. silver, 
4337. These two- and four-fold errors arose from the fact that Berzelius 
assumed that only one atom of an element could \yu present in a compound. 
In 182(1 he gave a new and more eorrcct table, in which only potassium, sodium 
and silver were given twice the correct values : other values were : chlorine ~ 
3547. phosphorus — 3T4. arsenic — 75-3. copper = 83-4, etc. 

Another problem was the elucidation of the causes of chemical chan/j* , a 
question which is still incompletely cleared up. Newton, Bergman n and 
Button attributed chemical processes to gravitation, though Wenzel did not 
share this view. It was displaced by the electrochemical theory, sponsored by 
Davy and Berzelius. On the basis of his electrical experiments Davy con- 
cluded that the combination of chemical substances wag equivalent to the 
neutralisation of electrical differences . The greater the electrical difference, 
the greater the corresponding chemical affinity. By supplying electricity to 
the compounds {elect roly sis) they are split up into components having the 
same polarity as before combination took place. The positive components 
(metals) migrate to the negative pole, mid the negative (non-metalhe) com- 
ponents to the positive pole, 

Berzelius assumed in 1812 that the atoms themselves were electrical, 
possessing an excess of either positive or negative electricity. According to 
the nature of this excess substances were classified as positive or negative. 
This excess eleilricily wils the cause of chemical affinity. According to 
Berzelius the chemical combination of dements or compounds (e.g. acids and 
bases) ri insists in the attraction of the opposite poles of the atoms, and the 
consequent electrical neutralisation. 

According to this view all chemical compounds must consist of two parte 
differing in their electrical Character: hence the so-called dmdixtic 
The idea that organic compounds (as well as inorganic) were constructed in 
this way was advanced specially by Liebig. Thus organic radicals such as 
ethyl. <LH S (eras Liebig then wrote it C ( H 10 ) wot? supposed In l*e combined 
with acids to form esters in the same way that oxides combine with acids to 
form «u|te r 

TJtese views did not prove tenable. In contrast to Berzelius’ electro- 
chemical radical theory Dumas proposed in 3839 his theory of types, which 
has been termed the sttbntituti&n theory. In place qf the dualist k- theory he 
proposed a untfary theory, according to which a compound does not consist of 
two parte, but b a single whole. Thus fur example when the three electro- 
positive hydrogen atoms in acetic add are replaced by three electronegative 
chlorine atoms (giving trichloracetic add), the character of the acetic acid 
remains essentially the same. Dumas concluded that in organic chemistry 


CHEMISTRY IN BEflUOttNO 


OF nineteenth CENTURY 


101 


there must exist certain types, which retain their character even when atoms 
arc exchanged for atoms of other elements. 

Gerhardt combined Dim™’ theory of types with the radical theory in 
Ins theory of residue#. Residues are groups of atoms which are hound together 
by very strong affinities and are therefore not split up in the interaction of 
different substances. They then combine together, since they cannot exist 
alone. Gerhardt adopted the substitution theory of Dumas, but introduced 
the assumption that groups of at oms (i.e. residues) can also act as substituents. 
I util cjuite recently little advance has been mode on this view- 

New methods of atomic weight determination were provided by Du Long 
and Petit s law and Mitsehcrlichs rule of isomorphism. F. L + Du long (1 785- 
1358) and 1. A. Petit (JTfil -1820) found from their experiments that the 
specific heats of a scries of solid element* (mostly metals) were roughly inversely 
proportional to their atomic weights. For most mct&la they established the 
rule that the product of the atomic weight and the specific heat ha* the constant 
value ti-4. 

Ei. Mitsehcrlich (l j!M— 18(13) realised in 1S1IJ the relations between crystal 
form ami chemical constitution* He explained the occurrence of isomorphous 
crystals by assuming that they correspond to analoguiLs chemical composition, 
c.g. the phosphates an d arsenates : the oxides of zinc and magnesium : the 
oxides of iron, chromium and aluminium : tLie salts of selenic and sulphuric 
acids. Bemdiua w m the first to derive atomic weights from considerations of 
isomorphism* 


Oubwcax. Sy.m hols 

Berzelius constructed his system of symbols in the year IHU, Like 
Hassenfratz lie used letters from the Latin names of the elements* either the 
first letter, or (in the case of inetais) the first two, or, if this would cause 
confusion, the first letter together with the first consonant which does not 
occur in the name of other elements with the same initial letter. To begin 
with he wrote plus signs between the symbols for t he elements, in keeping with 
t h e d ii a I ist ie t b eory r In 13 Hf In iwever, h e used a met hi id o f writing pract ie&l ly 
identical with that in use to-day. Double atoms were, however, denoted by a 
hyphen near the bottom of the symbol. He always wrote salts with a plus 
sign between the metallic oxide and Hie add oxide. Oxygen atoms could also 
be shown by n raised dot, and sulphur atoms by a raised comma, The electro- 
Positive part of the molecule was written first, as tmday, 

Rcr/jcHus bad the goocl idea of denoting radicals by symbols. Not all 
contemporary chemists adopted Berzelius' symbols at once: thus they are 
nut used by Faraday* or in Gindins IS23 /frrmftWA. Liebig used them 
largely, but did not write the figures above the symbols on the right* like 
Berzelius, but below them on the right, as we do to-day. Lfcbcreiner wrote 
them directly above the symbols. Liebig discarded the dots and commas. 
Lilt unfortunately discarded also the symbols for radicals, instead of extending 
them. 
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1 fyr.finti n .• frfitt I T/rfnfl^ 1 ! 1 K’j? „ 

Mr'lrhw j.- r l P hr j LkL k I ’r. apparatus for pfcnK’ntary BCmlvH^, 
L-unihu^tum hy nf priiii— iiam chlnmtr. 

AbuVtf Hvntolili*' nji|ULmtu- far thp -a me jnirpu^ Tin- 
poUbih vit»l HoAta ri-el tPHr«Muy tauter tw beU-;u 4 % 

1. Plftrtrfbcrt* Artak. 

ii. AppuiLtU fWaiiuly^in^ orpiuin' eulltofa nee* ■ Bfl rcH itut. 

3. App*imtii* for jin* eiVntutiOo. 

4. Apparatus fur uniik'niDC uri^mse biiImUi nr* 1 ^ : Theisurd. 

ise?. 


Pro lit supplied oxygen in hi* Amdyses, at the 
1828 Saussure analysed dextrose. 


Walden has quite 
tightly maintained that 
Rer/.eliuj*' symbols are 
quite jnadeq uate to-day. 
not being adapted to 
1 1 ii >dom k now 3 tx 3 gc - Ti ley 
gave no in torn nit ion about 
state of segregation or 
cry wta 1 1 isat i< >n . < Ussom- 

tion, valency electrons p 
or the energy changes 
associated with chemical 
processes. Walden ha* 
justly pointed out that 
the siib$tauoe correspond - 
ing (for example) to Nad. 
does not exist at nil. 

Organic Chemistry 

The complete founda- 
tion of organic chemist r\ 
belongs to this period. 
One of the most important 
requirements was the 

development of a satis 
fact i ) r v me U i ot l for a i wilys - 
lug organic compounds. 

Lavoisier had devised 
a method, hut the result* 
were unsatisfactory. The 
furt her development ™ 
carried out by Gay-Lussac 
and Themvrd ( 1310) (com- 
bustion with pot&a&imn 
chlorate), Berzelius ( 1814) 
(weighing the water and 
carbon dioxide formed). 

Gay-Lussac (1315) (use of 
copper oxide in combus- 
tions). In 1821 Avogudro 
made correct analyses of 
alcohol, ether, ethyl chlo- 
ride, ethyl iodide and urca. 
suggeet Ion of att^u re . In 
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1 u I8.fl) ) iimiiis introduced a sutisfuctury iiiethud id determining nitrogen. 
tinil improved it in 1833, Liebig practised organic analysis with great snecesa 
from 1031 onwards, and designed an efficient potash hull). Since that time 
nothing has been fundamentally altered. The use of lead chromate was 
introduced by Berzelius in IS‘10, 


I tth hiHsr Syntheses of Oitc.isir ('iuiporxi)s fhoai thkiu Elements 

Ak already meiit ioned, the lirst svnthtvis of an organic substance from 
inorganic materials was Scheojte's preparation of prussic acid (1783). \Y e ma y 
al-i .1 mention the preparation nf prussic acid from ammonia and carbon 
(Clouet . 18(12) and of thiocyanic acid from 
jiOtasgiujB cyanide and sulphur (Rink, 
t8U4). Importance attaches to the pra- 
jia rat ion of xanthogenie acid from carbon 
disulphide and alcoholic potash (Zeibe. 

1821) especially after Faraday and Hcuuel 
bud shown how alcohol can be synthesised, 
from ethylene through ethyl sulphuric 
acid. 

Other syntheses from tbs element* 

were 

i834y Wohler. Oxalic acid from 

aqueous ammonia and cyanogen 
[giving auminnmm oxalate). 

1825 p L. (ini el in. Croconic acid from 
carbon monoxide and potas- 
sium. 

i^-7, 8erulla r Cyanamide from 

cyanugen and ammonia. 

I8^S« Deafoaesa. Potassium cyanide 
from nit rogen, incandescent 
potash and carbon, 

i838i Wohler Urea from sal- 

ammoniac solution and silver eyanate. or Trcm ammonia and 
lead eyaiiate. 

1831 p Pelouze. Formic acid from prussic acid. 

I fic much repeated statement that Wohler’s synthesis of urea disposed 
the vitalLsije conception of life is, nf course. quite absurd, (The same 
should apply ti> oxalic acid, u hicii is also a product of metabolism, ) The dead 
substance urea hm nothing at all to do with the vital is tic principle, which only 
appears in living things. 

Isomerism 

Another principle which was necessary to the progress of cliei nialry was 
ilie theory of isomerkm. As a speculation it w$o by no means new, having 
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PLATE I7J 

.If. L inhljf l * ttppfrrvdtiM for tttittlt/x'mj 

I. Tube containing -mb-timec, 2, CttMtim chloride lube* 3, Apjiurjitiui far drying ihc sub- 
hiwiJH 1 to b i tmiily 4:nL L Ttlhn* for bating wJm'I lu j r E 1m ■ nu lw( hjui* k frte (rum wafer, 
fk Mit^frhrrlieh’* apptmiluv far dry] rig the fiulHtjmre to bo analysed i ij a euirent of air. 
tl-, Appumtu- far dmii/ liYgromjpiv ^ul:«timc^ (can^kling of a m ■> chJaride but Ik I'dleiutn 
chluiridft tubo and air pump). 7 and is. Writing tubes. Il, VYutch gla^vce mini brims ^mtidn 
fn it weighing out -itix|am-e. 10 min i If. Amu^rnpnl far lining the mixture of nihiHtancc 
and C4>pjh r ntkfc-, 12. CfilctUin fhluridr tube. 13. I 'nltiuin chloride Lulu- attached to the 
ccnAbtUtian tllhe. II 1 7. Cork l*?rer* offer Mohr. ^.^’1 ofmrk w-wwa. i d. fllH^ weighing 
i!L (ombitotififfl with tmlrium chloride tuU% after HcrttEtfitM. Potash uppurlit Ita 

For nfo-iorhinfj carbon dioxide. 21 'll. Siagt-s in making the potash bulb. 2k it-J. Apprabin 
far filling the parish bud*-. 30. Preparation uf ndihi-r comicvting ihIj^. 3L tVimburttian 
fhmarv. *t 2 r KlcvnUbn win] m* i km oF the courimsliun fumnre. 33 r Combustion fuman* 
with rtiflkm tldie for drying. H (otnljuftion furnace Eiltah 33, rompk't c Luprurnt For «. 
rambtL4iva jfuraMn witli connecting luU-. calcium i^blcti^ tubes meilE potash build, 
jkream i I . Forceps for cutting tiff the rm 1 1 >r i]u- combust ion Lube After the 1 com plot iou of ji 
H xiiabiiMiBEin. 42. Attachment uf a plo** tube to the tj^Dvd combustion tube. *3. (Topper 
oxide container from which the tube U lillisl wlmo <h«‘ sotmtanev in very hygniM-opir- ; rf, 44. 
■Ifi, Wire tor mining tin- sitiWawv with tluM-oppcr nxido when the former u v^ry hygroscopic. 
Hi. CuInhifetLOfi njjjNiriLttiB lifter F 1 Erdmann and Mareliand. u.dng a current of oxygen. 
■17 4M. PrcpirilidH of gEtAt bulb* for um” in t he *omhiiHt inn of I^mmI suUrfiuic&n 51. Tmn:-^ 
fonmcO of liulbtt into the combust Lou lube. f»«. Tube i L lm^al with bulla nnd copper nxitlc. 
IH i_ Ih^cnnmuljon of nitrogen (combustion furoaw, mvrvltry trmigb ami i^alionu^crb 
Id Mercury nylinder for inciLHiiring the vdmne of the nitrogen/ 02. Pipette for tnlrudueing 
LuLihlie potash into the nit recall luIh- ifut ah^i irhing curbed dioxide), till mk ApparatcL^ for 
d^tenpiniog nitragen after Butwi-u. rb4. Killing the cxunhiiMt km tn>wj with hydrogen. 
ISA Kifclini itimlMH ion tube.) 07. Appamtit^ for cstimatijag nilMg^n. OK, Cork riog for 
thk apparatus. 0Si r Complete et|Uipnwii for i^tiuiating nitrogen Imore luctimte ihnn lid). 
7], Kitting the tnlw^ wht n climating wnAll quiuitities of nitrogen. 72„ KsIHng Ibi^ luU> in 
tlie direct of nitnik.^n. 7l. Renaaviug air from (Fie nppamtt^ <73’ Partn of tlio 

NUNI- appaxatnaA T'r roIlnAHiti of (hi 1 nitrogi^h over mercury and ennstic potonh iDuina*-k 
liK Alternative nuihod of filling tube 77. Apparatus tint direct eMtirnatton uf 

nil if.igi ri wiLhiiui lining mm air pump. 1>. AppnniEu-i far ^trrmilnug ukmgi n after Vnrron- 
irnp and Will l^tnhustion with rwla-tlna wml niwrpNon n>f the umOuniu fomarsl in hvilnn 
cWorio ac-idy. 
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been put forward by the I *reek philosophers, l^ater the possibility of isomerism 
was mentioned by Basso, .loachim Jungiue (latfT -1057). Boyle, and Alexander 
von Humboldt (end of the eighteenth century). 

The first experimental support for the idea was adduced by (toy-LusHAG 
(1824), who showed on the basis of Liebig's analyses that silver c vallate and 
silver fulminate arc isomeric, I lay- LueSfte was the Hrst to suggest correctly 
that their differences were clue to She fact that they contain the same atoms 
differently arranged. 


El KCTKOOHEM 1 STRY 

whs by no means sat isfaetorily founded in the eighteenth century. This 
con k I only be dope after Volta's discovery of galvanic electricity. 



PLATE 

Fara'iajfi* iu&ambtrg n\ 

PHnutayY; rhnmi™l lAimfnmry rti the Jtoynl Irattfrutinn m London wiw »m for o^-hing, 
hm only for rvsnurli. Funi-hiy IlLium^LT t* etaTidfrlg hekiwi tin- fftqVc fit Uni WtUl \»^\l -w 
Uu thp right nrp variaqn pipm af eketricil ApjifimTiK * fc .p, elH’tnwt at ir nmchjnr. Leyden 
jui*, rtlid a very Lurjji* nuance. No fiiliw eupbounl i* viiilsjp. 


Thu series of historically important experiments began with the thrum - 
position of watrr by Hitter in 1SU0 and by Nicholson and Carlisle in the same 
year. In 1801 Cruik&haiik folk) wed with the electrolytic decomposition of 
copper and lead Halts, and Simon with the electrolytic production of chlorine. 
In 180^ BnignateUL Calin and Kidd decomposed a number of salts of heavy 
metals, mid Davy electrolysed acids. In 1800 alkali salt.-’ were electrolysed by 
Berninis and H hunger, who also obtained pptasailiin chlorate from t he chloride 
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by electrolysis* Ritter obtained lewd peroxide fiketrdlvtioally in 1806. Electro- 
lysis had been applied to organic substances (alcohol) by Davy in 130$+ 

Special importance attaches to the introduction of the electrolysis of fused 
Pavy t who in 1807 prepared metallic sodium and potassium from 
Austic soda and caustic potash. His apparatus consisted of a platinum 
spoon as cathode and a platinum wire as anode. 

In 1098 Berzelius obtained amalgams of calcium and barium, and Davy 
amalgftTnn of strontium and magnesium. Davy obtained the pure metals 
calcium, strontium, barium and magnesium from these amalgams. The 
famous preparation of ammonium amalgam was carried out by Betftdius and 
Hisingor in We have already described the electrochemical theory 

which was prematurely advanced on the basis of nil these experiments. 


PILATE 173 
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More important was the cimiiciatiunof the fundamental laws of electrolysis 
by Faraday in 1 H"i3 : i,e. that the amounts of substances liberated by a given 
current arc proportional to the equivalent weights of these substances, and 
amount of substance liberated per unit rime Is proportional to the 
the current. 

Gruikahaiik had proposed in 1801 that electrolysis could l>e used for 
qualitative analysis. Magnus was, however, the first to propose (in 1856) 
quantitative electrolytic analysis, which was Hrst carried out by Nickle* in 
18 ( 12 . 

were prepared electrically by E. Davy m 18$o (potassium 
Hare in 1840 (calcium carbide). Ozone was first obtained by 

SGMnbem, 1840. 

The first electric furnaces (both are and resistance furnaces) were made 
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by Deprete in L&4ll p cT. also Claspard Roberts™. 1802, Davy had discovered 
the electric arc at the beginning of the century. 

Electrolysis of copper suits was used by 31. Jacobi in 1H3-T for modelling 
plastic objects. He discovered g&lv&noplastica. which is of enormous import- 
ante fur the reproduction of illustrations, Wright (1840) practised gold and 
silver plating, owing potassium cyanide solution. Nickel plating with nickel 
ammonium sulphate was discovered by R. Bfifctger in 1M 2. Brass plating 
was tarried out b\ Riiolz. 1842, Vacuum discharge tubes were made by 
Meinielie in 18 III, and discharge tubes with platinum electrodes by Gekssler in 

la^n 

Other important ph \ sicii-choniical discoveries are the following, I lie 
deter ii i iiiaticin of vapour founded by Lavoisier, was worked on further 

by Cay-Ltiiisac, and specially by Dumas, 

Import an ce attaches to the discovery of optical fictirittft Lc. the power of 
substances to rotate the plane of polarised light. Biot and See beck observed 
this phenomenon with in me sugar, dextrose, tartaric arid and turpentine 
(1815-1819). 

Of great im|Kjrtanee is the discovery of Npeetmnt by KirclihofF 

and Bunsen. Exception must be taken to the widespread idea that the 
colours imparted to flames by various elements were not known before the 
time of Kirch hot!. This is. of course, quite incorrect, since even the use of 
flume colorations for recognising substances had been practised much earlier. 
The great emit rib ut ion of Kirch huff and Bunsen was l he use of t he spectroscope 
for analytical purposes. 

Uases were Liquefied by van Martini (l “92). Faraday (1823), Xuttcrcr. 
Andrews (critical lempemture). 


Contact Chkmistev 

mafic great progress hi this period. She word 11 rani lysis is due i ■ Bnr^elius. 

1835. 

Following the experiments of Davy with his platinum lighter (platinum 
wire over spirits of wine). Johann Wolfgang Dtiberaiier discovered in 1H2I 23 
Mie ignition of a mixture of hydrogen and oxygen by means of finely divided 
platinum. He used this discovery to construct a tighter rwenihling that of 
Fursten he rget\ hut with the electric spark replaced by a platinum catalyst. 

Earlier than this (tSlH) Dftbereiner had found that alcohol could bo 
oxidised to acetic acid in presence of a platinum catalyst, and in 18.12 he 
obtained aldehyde in the same way. In 1838 Kuhlnmnn prepared nitric acid 
from ammonia using a platinum eatalyat, a process which became of tlie 
greatest importance in the twentieth century. 


New Substances 

The following twir dements or compounds of new elements were 
discovered ; — 
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Tantalum, h ‘h . Hatchett {l8n]J; vimadium, A. .M.del Kio(imil) ; cerium, 
Berzelius nml Hisinger {18(H); palladium and rhodium, W, H, Wollaston 


— ^ jf/ty rs/ /vy f ■/// r i 


>4v 




■> *?** 




*<**tf‘ Sfi/Zf-f ft r ft * * f r f~f 1 


*03 ]Sn4) : osmium and iridium, Smithson Tennant (1804); metallic 
tiisrium and sodium. H. Davy ( 1 Ri> 7>: metallic magnesium, calcium, strontium 
(l barium, H. Davy (1808). (Pure metallic - '* J 
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Jnhfinn IVutJijfinff Dtihtrrintr. 


Horn \ 7 1 m H of u died I s t ! i at .1 t^iti , 

n.T snl i -■ I s ■ * I it- Jh |hhtimut.:ad nl >1 iinchb^p, atudllkl i-lwmifttry id Slfflatkui^ and In 
] s | u d Gdtt In i v n i r hr* rhair of df hw iiistry ntic! |a^ui nruiry at Jena r IK&animcr mm l& 

tbo iiFf4 M^irvniLonji nn plain turn n- a piitiLk*! and Un iht* penbdk ^ystrm of thr dna.-Hts, 
nEw ^idfifoutod to tis-fcmicnl i|iitNtiiPif , nml iv.l* l reir example ll kt*n pM rjf ihu 
4-nKtWH -|T Ki&M-wnrki. I nik-n'jTLPf mj»I l hut he Wore in ola*^ mi tart both ik«txoihiIIy find 
fundemititily* 
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Eiii'y in I83n + ) Boron, L, >1, Gay-Lussac and L, J. Thcnard (1808) : iodine, 
Coiirtois ( 1821) ; selenium. Berzelius (1817) ; Ihhium carbonate. A. Arfvedann 
( 18l7 )| : cadmium, F. Stranwycr and K. S. L Hermann (1817); silicon J. J 
Berzelius (1823) : yttrium metal, F. Wohler (1823) : metallic zirconium. J. J. 
Be rad ins (1824J; bromine and bromides. IL J m Babrd (1820) i metallic 
aluminium, F Wohler (1827) (from aluminium chloride and potassium ; 
possibly discovered eadiet- Uy Orated in 1825); metallic beryllium. F. Wohler 
(1827): thorium, .J, Berzelius i!828): ores of Lmthiiuum. didynmim, 
terbium and erbium. K. Wnmndfi* {18$F42); metallic uranium. E, M 
Fdigut (1841); niobium, H. Rose <1844) : ruthenium. K. E. Plans (184a) 
(ef, Gs&mi (1828) )- 

I he following a re n fen of the inefgame subxiQju'fin discovered during the 
period : it is impossible to give an exhaustive list. 

Chlorine dioxide, Chenevix (1802) potassium peroxide and barium 
peroxide, Gay-Lussac and Theiiard (1889); phosphorus trichloride, Gay- 
Lussac and Theuaid (1809); phosphorus pentachJoride and phosphoruH 
Oxychloride, Davy (181(0; phosgene, Davy (1811): phosphorous acid, Davy 
(1812); iodic aciiL Gay-Lussac (1813): iodine chlorides, G;iy-Lussm- C 1 8 14) ; 
hydrogen i or tide. dement and Desnrme* (1K13); mercurous and mercuric 
iodides* Golin (1813) : chloric acid. < hiy-Lusstic ( 1814 ) : perchloric- acid, (.'mint 
Stadion (181;3): hypophosphnrous acid, Dulong 1 181 fi) : strontium and 
potassium peroxide, Gaydaiss&e and Theiiard (1818); meta phosphoric acid. 
Berzelius and Eugelhart (1 82UJ ; a I u minium chloride. Orated (1829) : artificial 
nhramariiie, Guimet, Kflttig, Ghr. G. Gindin (1827) 1 * 3 * pyrojriiosp boric acid, 
Gay-Lussac (1829) * potassium perrhlomto, Serilllas (1831). 

The elementary nature of chlorine (previously believed to ho an oxide) was 
demonstrated by Davy, The word allot ropy for describing different forms of 
the same element was introduced by Berzelius, 

The following organic sttlwtfnwa may be mentioned :• — 

The nature of fats was first recognised by Chevreul in 1811 and the 
following years. Re describe* the following fatty acids : stearic, oleic (L823), 
valeric (1817). cupric, caproie. it was Chevretii who first introduced the use 
of melting and boiling points for e ham ft prising organic compound*. 

Petroleum was recognised ils n hydrocarbon by Saussnre in 1817, and 
turpentine by Ronton in Ik 1 8, 

Dextrose was obtained From starch by G. S. C. Kirch hoff in 181 Land I'rum 
cellulose hy Braconnot in 18)9. The celluloses ware characterise! by Payen 
in 1839, 

The following further organic substances are of interest : Ethyl iodide. 
Gay-Lussac (1814) ■ cyanogen, Gay-LuHMtC (L813); fumaris- and maleic acids, 
Braconnot (1817) ; erotonic acid, Pelletier and Cnventou (1818) ; glycoeoll, 
Braconnot (1819); isovaleric acid. Pent* (1819); ethylene iodide, Faraday 


1 ivd Eluri]!’ cDbrntion wan uutii^d by Cbr Oim4in in I Si*. MclitUfo lilhitilrt Wfl« tlffl 

Un'pjun-i.1 by DtiVyin iS|*. 

? Tin' format uni of ullnnurin^ in tumiiwi had bw latticed in tlw ftightre-nth wniiin’. 
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(1820).; hexftcli lore thane. Faraday (1820): acetaldehyde, Dtiberemer (1821): 
potassium ferri cyanide, L. (Imelifi [18221: racemic aoicL Ka&tner (1822): 
butylene, Faraday ( 1 82=5) ; ethyl bromide, SemlhLs (1827); mercaptan, Ztdse 
(1833); acetylene. K. Davy (J83ft) : cam phene, Dumas and OpjHTmami 
(1837) : quinone, WosktCfifcnaky (1838) ; salicylic acid, PIvia (1838) : naphtha- 
lene Harden and Kidd (181U) : benzene (from benzoic add), Faraday (1825) ; 
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benzene (from coal tar)* Leigh (1842); paraffin wax. Reichenbach (1830) [cf. 
Buchner. 180b) ; paraffin wnx from coal, Young: creosote, lleicltcubadt 
(1832); anthracene* Dumas and Laurent r 1832-35) ; aniline, phenol, quino- 
line. pyrrole* rfjrtalie arid. Range (1834) (also aniline. Uim-rdnrbcn, 182H) ; 
benzene, nitrobenzene, bensen raid phonic acid, cliloro benzene, bromobenzenc. 
dip lien ybulpliane, MitBcherlich (1832 on ward ) - pht babe acid. Laurent (183H) ; 
toluene* Pelletier and Walter (1 83ft) : synthetic aniline, Zinin (1842): melhy- 
lene chloride, carbon tetrachloride, ethyl idene chloride. Regrmuk (1831^40), 
Kunge (pharmacist, !734-lfJ07) and Mltecherlioh are the true founders of 
the industry of coal-tar products, 1 

1 1 1 I Urtv fcwi da led rime t li.- rinjf 3 >o-imLi] 4 e for fcwmifcne ujl-a proposed before Kwfailri bv the’ 
Vlmiuve jihynii'int Joseph L-^-hmidt < itij\ sn i hi - trmr |hHI. 
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'Ihe development of expfasivM cAemt/tfry did nut begin until later. It waa 
not until Iti-ttl that nitrocellulose «ns discovered by SchQnbem and It. Bftttger 
iuilt'jirdilcnl ly, and in the name year nitroglvwriiic was discovered by Sobrero. 
Collodion was lirst prepared by Maynard in 1840. 1 

Pharmaceutical chemistry continued to develop with great success along the 
analytical lines described in the last section. One of the greatest ueliievcnicntt; 
1VftB the discovery of morph im by tlie pharmacist Sertumcr (Serdignier) in 1805, 
Jim! the discovery of quinine by the pharmacists Pelletier and Caventou. 



PLATK 17(1 


of ikr pharmacist ifVliJJy, #tr<zuft n< rr, 

Frotit n pfiiiitEfig by Joiiann -It'Jhpumbui-t i ISIH), Xutii»ti»l Muslim* .W»M*‘r4wiai. 
Qtiiniitf MiilpiJuiN* {difiCOYPftrf hy Fi-Eli-tjcr nod (.'immtcil in |H|71 Wu prpp*rpd cjQmmfti-caaJ ly 

ilt tllt8 Enbuntlory in I.$£3. 


Scrtfirne]* realised in particular the character of morpliine as nn urg&nh: base 
capable of forming salts, (Other new discoveries are described below), 

Chemical industry was then only in its infancy, and it was therefore 
necessary for rise pharmacist to purify the impure technical products, li was 
abn bin tiiiik to extract the active principles from drugs and prepare them in an 
pure a state as possible. This was a matter for each single pharmacy. How* 
ever, on account of the difficulty of much of the work it was often the custom 

1 JlyuriEuid* wn-s nut disiwnx] lint h v A. Xbbel, bul hy ScllrN, rciiitiiidflttttd by Hcttnum 
Kiii’li, 
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for n single concern to socialise in some product and to supply ii to others. 
In this way i-hemkal factories grew out of pharmacies and eheimeatinduHtdes 
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out i it sum 1 1 scale works. \W shall mention a lew casts front the lirst half of 
the nineteenth century 1 ;— 

The eiiortnuiis Urm of E. Mcn-k originated in i he Engel pharmacy of 

1 ij-ii f l. j i ■ t^enki jilmmuk. < -utica! und^rtaki/tiE* luuJi iaesihI Wnn 1 ilii-. v.u. in Vuniti. thun? wji?. 
nppji (vii fly NrnJf rciELmifnrturp nf TrudehtMi« Vip^rifUlli iinrj Thcri ak, own in fhf foil rtro lit li 

L^iiturv- Fmm b I Li- Ayca oil wan la vonoiir; n)[>m»l^ry^ jimdumi ApcitlliMiM whioh they 

-*-nt till nvur i ikr irorkl. 

iWtflv t.la- uin*' nif Trttjnimjiniorrt I lit- pharn uiriMt Fjk^flT^ Jupr in Markionlwit/ 1 U|MU fci 
1 1 |->L 1 1 ! 1 1 _ki Em% I Ml' id j h i I - i^ELiiin | .n-|j«r,il loiih. L Ii tuldilinn u\ rln- uiMm^ ■■* mu ritkun -S in tin nm wo 
mm mention IVit^jl^h at Lani^n-vklzn JiiirJ Sinicin d i-j ISorliii ih^innifig ■ mtun j, 

Thr quinine miiniifiv iuwi^ r Zutimrr A Co. in Fnintfuet, sin- lUso itfutfwnrtliy. 
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Urinrirh Emanuel Mercl (17**4 ISiiiiJ in I ^n iti.sc ?nlt . It began chiefly in the 
prodaetion of alkaltncta. lu 1832 morphine, quinine, emetine and strych nine 
uere produced* in 1833 Ban ton me. 1834 codeine. 1862 cocaine* not to mention 
many others. In addition there were the weibknuwu pure chemical. products, 
inorganic and organic, 

Johan h / Mi n i rf. Rlt dd ^ 1 7 80- 1 s 43 ) , Sh \ 1 w eizer plm ni 111 t -y , Berlin , vnm the 
to prepare quinine in Denmttty (1827). In 1811 the factory which deve- 
loped from hss pharmacy supplied live hundred and seventy different pnidupt*. 

As already mentioned. the Kchwuneii* Ring pharmacy ofJ. B. Trommsdorff 
in Erfurt developed into a manufacturing concern (pure products, alkaloids). 

I he follmving may also be mentioned : Ernst Friedrich Christian Sphering 
(1824-1380). Svhmeissers pharmacy. Berlin. From the fitst he produced 
photographic articles a* well as pharmaceutical products, including potassium 
iodide, which was necessary in early photographic technique. Also : 

Friedrich Witte (1S2*>-1893), Hit* eh pharmacy, Retook. caffeine and 
enzyme preparation*: Karl Engelhard. Rosen pharmacy. Frankfurt ( 1820 ) + 
gateiuc preparations ; B. Braun. Rosen pharmacy. Melsungeu ( 183-^1. galenic 
preparations : Dr. Frcsenius. Hirscli pharmacy. Frankfurt, special it ire ; 

Adolf August Struve (L82ih_ Rclomunis pharmacy- Dresden, artificial mineral 
waters, tinctures, medicinal wines ; \Y C; Heriuis. Einhom pharmacy; Hanover, 
pint imniL articles : Eduard Beyer, LOwen pharmacy, Chemnitz, copying inks 
nod Other products involved in the writing and printing industry, These 
are only some examples of the older generation, and we cun tint begin to mention 
the numerous important concerns of more recent limes. 

The following arc some examples of new substances introduced into 
pharmacy in the fir*t half of the nineteenth century : — 

/ Hortju ti ir mi hxtfi wo * ; h* i; 1 i u 1 1 1 In cii r f n mate . Vn le ntiii Ro&e (1801) ; Unit no 
(and its suits). Ctmrtuta (1811); indidre imd iodutes. Du tong (1816) and 
toiy-Lussac ( I * 1 4 ) ; hypo phosphorous arid, Dulnng (1816); Jit Eliiiiil com 
pounds. Arfvcdson (3817): hydrogen peroxide, Thenard (1818) ; bromine 
and its waits. BaJard (1826) : antimony hydride. L Thomson (1837]. 

Organic tntbstetnccs. Investigations on the substances cun tallied in opium 
were aimed out by Derosisc \ LS03) Dourtois ( 18114) and ScgiiiiL (1814). 
Morphine was discovered by Ner turner 1 180.1 1810}, nicotine and atropine by 
Poirot (1809) ami cinchonine by t Umtvz (181 1 ). Other substance* atv saponin, 
Schrader { 180?) and Rocholz (1811 ) : meconir acid. Sertfinwar (1816) : quinine, 
cinchonine, brucine, strychnine, emetine, Pelletier, Cuventou and Mugendie 
(1817); iiiiientiflc. Dcrospie (l803j, Rnhupiri (1817): hyiksvyatiime. Braudes 
(1819): pi peri n e . Orsted (1819) ; verat ri ne . ^ lei ss ner (1819) ; da phni ue + 

Vauqpelin (1817): acomtie acid, Freehier [1820) " h caffeine. Runge (1820)-, 
Eiobiquet and Pelletier (1821 } : aolnnliic, Destines ( 1 82 1 ) ; iodoform, Serullas 
(1822); coniine, Diesecke (1827): salicin. Buchner (1828); santonin. K&hler 
and Alma (1830) ; efgotin, W iggcrs (1831) ; vandlin r Bley (1331); f^roinoforin 
and hromal. Diwjg (1832); ciKleinc, Robiquet (1832); mecouinc. C’otierbe 
(1833); naxeeinc. PuletMT (1832) ; acnnitilic ami colchiciu, Pelletier and 
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Ca veil ton |lN2l(). Urigcr and Hesse ( 1 ,433) ; thebame, Pelletier (1833) ; chloro- 
form, Scmbeiran I IS31 \ ; theobromine, Woskresensky (IS4I) ; chloral, chloml 
hydrate, chloroform, Uebig (l SUM. The correct formula* for chloral. 
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chloroform, biumoform mid iodoform were given by Dumas in IS :U r 
Deooloris 4 fttion with aftim&l diam^l Lb cine to Pignier 

PhtfJtirJatjiral chemistry* which had developed little during the eighteenth 
century, now began to flourish, The following products were obtained : 

From plants ; inulin. Heinr. Ro ae (1804) ; aspuragin. Vuuipielin and 
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Hobiqjiiet ( 1 Sl>5) ; legumin, Einhof [1805 J and BracOimet (1827); maunite, 
I'milHi (I8iifi) ; amygdalin, Robiquet ( 1807}; brazflm, h*matoxylin r qucreetrin! 
Ghevreul (1808) : picrotDxm. Bouliay (1812) ; enmarin, Vogel (1812 } ; emulsiii, 
Vogel (1817); chlorophyll (further investigated), Pelletier and Caventoii 
(181S); pectin, | lectio acid, Braeomiot (1824); berberine, Hiittemschmidt 
(1824} : sinapin, Henry and Gurot (182.7); alizarin and purpurin, Colin and 
Robiquet (1828); urein. Robiquet (182!*) : carotin, Wackemwier (1831); 
dextrin. Vauquelin (1811), Biot and Perapa (1833). 1 

Ffoiu tinimnh : allamoin, Vauqneltn ( 18011 ); choleic acid. Thenard 
<l8(ifV); sam>- lactic add. Berzelius (18U8); cystine, Wollaston (1810); 
lecithin, VauquelU) (I8|l); casein (characterised), Berzelius (1812); fibrin, 
Berzelius (1812) : xanthine, Marcet (1817) ; leucine, Proust (1818), Braconmot 
(181H); ninrcxide, Brugnatclli (1818); cholesterin, Chevreul (1813— J8I !i) ; 
albumin (characterised), Braude (1820); ehitin, Oilier (1823); taurine 
L. Ometin (1824) : hfenmtln. Tiedenmnn and Gindin (1826) : “ {Kmcreiitiu,” 
Hedemann and < Imdin (1828) ; hippuric acid, Liebig ( 182ft) (ef. H, M, Ronelte, 
177(1); creatine, Chevreul (1832): pepsin, Schwann (18%). 

The classification of human food into proteins, frits anti carbohydrates 
is due to Promt (1827), anil is still lined to-rlav. 


Apparatus 

The best sources of information about the apparatus of this periud are 
the text-books of Thenard and Berzelius. Thus among the apjHiralun 
mentioned by Thenard are desiccators, apparatus for drying gases, gas-holders, 
autoclaves, hot -water lunncls, and stands and clamps of many kinds. 

Interest attaches to Thenanfs apparatus for obtaining potassium (by 
non-electrical means). His fume cupboard {Plate 181) is the forerunner of 
those used by Liebig at Giessen. (Liebig hail worked in t lie- laboratories of 
i J&y-Lussac and Tiicnard,} 

Of particular importance is Gay-Ltiseao's apparatus for volumetric ana lysis, 
hosed on the test Tor silver in the ivet way, (Since chemical reactions take place 
according to fixed proportions, it is possible to measure the amount of a 
unbalance by determining how much of a reagent of known concentration is 
necessary to react completely with it.) Gay-Lussac may tie regarded ns the 
founder of volumetric nnalysis. It was introduced into German v bv Friedrich 
Mohr. 

Berzelius is best known hv his spirit lamp. (Spirit blow- pipes were also 
known ; Neumann, Mitschcrlidi.) Many other innovations are due to 
Berzelius ; the introduction of special filter-paper* (in place of blotting paper), 
platinum crucibles and other vessels, the wash -bottle, test-tubes and test-tube 

1 Hi- Mturrh inrllo* JvwiiiUL wzli* iii.-r-riv«-ml by rp|m ami (rziultar^r iff ItiH. Th* option of 
dWa** i i ri Htnmh wm obwnvd by Kin hhuft in JRH, whife diAtitjrai if»[f ima dubw k l trmd by 
I'uyvh ciml Pergra m 1*^3. titty- L uhuh? fcnrw in Isl-I iJmi juiy-wr. nt*nh iod gam jiN h»V 4 - t}u* 
ridniLM pmpirivii formuLn, arid in Iftjfi i\u \ t ih«* fomtoflttnou of dpitnw letuiu tn tvu mobeuliTS. of 
aJi-ohDl niffd t xvo of nirbon dioxklp. The copptr forilpstnhit' vha bv V<j«cl in IS IS. 

Pb&na] wait (SnM prejjared on n i^mmi-rcittl h.-hJo by L*|vi^rt in 
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J r thi' Will appuwt iin wnr> by van Martini. 

Th H titoM important npjfcumtuM i* the fumiu-c for preparing mEfnlk pottiKsiuii^ whir-li Thimftnl 
uljlatiaml from i:[iiwtii £ rwtii-lk and mrliciL 
O^diytJrogea twUowh, ThL-nafil, 1 * 2 j\ 

Kunmro fur preparing potuHiUnl, Themml* 1 HS 7 . 


stands In many taiaes it m difficult to find tin; dis^verei: of each single 
article. 1 

1 On i III* Oltar band jt cnMy be Doled that &-r&rfi03 tit It I used t bn- m tmni>r, «3vitlbii\ " Moor* 
ln^il " nihil ii 1 1 pi’Ir-I . 
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Davy's safety lamp must licit be forgotten. 

Dumas know vacuum drying. E. Mitscherlkh'a apparatus for testing 
for phosphorus is of interest. Marsh's apparatus fur detecting arsenic is 
important. 

J he first klmniturv gas-burner is due to Faraday, and it was improved by 
Soimenscheiu who probably also devised the first arrangement for heating 
tul*s by gas. The first really practical form of Imrner was devised by Bunsen 
who also designed multiple burners and blow -pipe burners. 

J. Liebig's laboratory at Uiessen (1830) may be regarded as the parent of 
all laboratories for chemical instruction, and the same applies to his equipment. 



iXfjmtwitMm Theftarrf' 1 * 27 , 

A. li Furira h&ad+ V Kunttarr of brii-kriaiul juDniiP. K Imfl iup pliilv. X rutin ^ furtUUVL 

f Esf* tube* fiom X. O Firing for X. Q frllnu- funiiinv Q J lira# for Q, S IfeHnw*. 
i- W in«L pipf 1 , \\ hi iifs, E, 1!, U Dfeuiapf-j-w. E' r M h JS,' Firing. V Tdtfttr fqpr i*t tiring wool I 
J|| ul I'dal, 7 t fhitiiupy OpciiiiipF* with Fur h^vii^j^pipt^ J fumaiT, ,l‘ Kin £ kg 

fnjr .1. X Li/vct for op^nin^ nJKl bulling thr Hop of thf funu" ]lih*K P S|uhv fbr TiiaJ k 
K Shii* tuU’ rVot.j Inflow*. II Tup For K, 

His working benches with shelves for reagents and water laid on and his fume 
cupboards have served as models for all chemical laboratories up to the present 
day. Liebigs work may still lie seen in every student Y chemical laboratory. 1 

The Liebig eon denser was first used us a reflux condenser by Friedrich 
Mohr in IHSli (or possibly by Cornel and Bert he mot, 1832}. The cork-borer 
and the pinch -cock burette are also due to Mohr, 

The extraction apparatus known us the percolator was discovered by 
the French pharmacist Bo allay. 

... ' " l ' 1 ' have Aln-iwiy dealt with th*i M4(Iftll J.ioliip condsnstrr (rrouiiii'r.t'iirfviit <•. u Jtl.-rwf 1 ). 

I lai- Inrgp w-calM Lth'Ild^ «>nd^fWfir in the DBUtietliHB il uscum wa* not stuuif fur Llpbrg, but f^r 
UtM-AiT. thrush aOmr of tile 1 RifliUlrr *jnsd mrTW tamp from IJiTttfLr'M .VpLinirh J*flbOr4tury. 
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Tlie pdwation of young chemhi* in the first third of the nineteenth century 
showed a great improvement on the eighteenth century. It is L|»it<? wrong to 



PLATK ihi 

Fntrrivr ricw of Lithuf* Jftm&U* to/biffatary ai tths**n+ 

From It drawing by TrEmt*rHnld t ]x4± 

picture Mlmtv- i hi* interior hi f tin" imiin j-txnn of Liebig laboratory at Ui^n, ftnd h]mi 
hi*i pupil* wrirkiiijs thorn* Fjuixi right w Wh they nrc : J. I. IF, HvfmlwtK Mtfay* iP^i^taat 
utUil E*u>r professor in Berlin* died itf!*-. F+mil /V^wifjrm, kUr din'rtor of Fri«V 

uUmnwrmp factory at H«kJri tarty, 2L In front uf thfl fufcnv c-upWard,. turning hi* brink* 
JuhunU'JtMrf Jjitrr pr&fnwr of nwdjidnc at Wiirtburp, -i. H i nl i r in ttvr inn-k^rrnmdi 

,1. t . t . tfirct'ktr* Lii>)?ig profc*surof ilwinttUy In TfibLngrn. ISWI* latE>r univpfsttY 

prol iswr in VVOrrljtir^, died 1*71. S. Fmrur hwibij; an the h*wl,u I Ater mint 

warden in BriirtriHiucij?. H. SStandm^ in fran L of th» frifiuwc with both lumd* in bin pock*hi, 
li r ttifcr from Aafftn, ?. a uM. flitting it" fruiiL of n mortar, IJohigH laboratory servant, InU'r 

Mayor of YYirumnkt mxir S. with n cyluuliqr m* hi-* liand, Heinrirh 

H iTf. iJrhjtiH orai hi n tit anil Huis^^ir at dim* Jspfl. ’ £»■ Talking to Will, B'tiArffti 

K titer. lRb-r 0 prnfti.Minji physicirjj it. Phi Indelphm. ID. In tha l*ffc frngfcitifuk with a bbtek 
ti«anl. h Mexican. II. In Ihc fume cupboard between lh?< kctUn 1 room anti tlw* 

Itittpratory, Anton jLv i*h from F^Mreh, Intur an architect, 

This laljtiru-Iory' bcciuno the* rttathd for ail iri*T- iHi t for rhcrpiJcal tr*chifi>? : working bundw 
with shelve* for reagent* wnd fSItririup HlantltL Lindrmojith I hi" bennb^ cupboard* with 
drawer* and Bhalvtr*, removable Iviidi topi, water supply and rinko on thi« betfiettgc*. 

In lIii» centre are Ordinary mblo. and in th** background a tncinJ fume cupboard with movable 
j?libHv+ front, under wfajch is a furnaUo h rated by coal. In front of the large touting rtovo is 
n pneumatic trough. 

Amqjig the i^ujpmrnt wc may nolo book ere, flank*, hedl jure. evaporating mortars, 

dtills, apparatus for evolving oxyutin mid other the laigo phoOThanifl i udiuTMclcr 

stands. 

Assume that wtisfaetory teaching was only obtainable at Liebig’s laboratory 
in Giessen, ft is true that must German universities had at Llip most inadetjuate 
femlitiea lor ehojuicnl teaching, but there were some excellent teaching insti- 
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jburfjtfjjJjWt dppqn^, i, Liehirf r 

Liebig w^ mnwite d the n^of WVtgdV oounh^r^iifnidt caaileti^ 
' wltM did^llaLicyt SpjmrvitLL'*. 

H*™vmg flu 
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CDolfag Witlejr, 

Co»ifpiucr 4 

Exit for cooling water. 

Rfmvef* 

MtCi 


Keiort. 

Apparatus for tin? rihKrrpttaa of ftfenti. 
VVouMVh bottle, 

Alwwfptioti tube. 

Furnace fcrhatifiglb* ab^orbLnc ti^urH m 
the tilth?. 

Calcium chloride tube. 

Vtwl for evolving 

DihiiUntion apparatus with two counter- 
current COriifofcKmh 
Rcrtjvw + 
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I utes. Tlit j earliest ot t hesc weis tin- institute of the pharmacist, Jolmnn 
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Another valuable institute was founded at llOtt-ingen hy the physician 
Stmmeyer (1770-1835). who was Bunsen's teacher. Bunsen lihnsdf started n 
teaching laboratory at M arburg in 183h. Thanks tu the provision of GoeihOt 
Ddbercmer hud loom for twenty practical workers at Jena. Other chemistry 
teachers worthy of mention are <f L. Erdmann, who taught in Leipgjg from 

1827 onwards, Job. 
Ncp, Fuc I is and Job. 
And. Buchner at l>arid- 
hut. and J. J. Scherer 
at V\'iir/J>urK- German 

chemists 
who wished 
the greatest hcignis oi 
scientific learning often 
studied abroad. This 
is easily understood 
whpn we remember the 
great contributions to 
the progress of diem is 
try made by scientists 
1 ike < hiy-Lu ssa v Jim 3 
Berzelius. Liebig and 
SfJjOnbiHEi si nr lied with 
t; ay - Lu 
Thenard 
MittttherlL 

with Berzeluis uifriucK- 
holm. 
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PLATE LM 

(1770-1*43). 


Tilt: discovery of 
beds of sodium nitrate 
in Chile in 1825 was an 
event of world-wide importance. On account of the other substances which it 
contains. Chile saltpetre remains even tu-day the best artificial manure. 

The vinegar nmiiufavturer, Peregrine Phillips junior. BrL*t i>l f discovered in 
1831 the contact process for nmnu fact u ring sulphuric add (conversion of 
sulphur dioxide to the trioridc by means of a platinum catalyst}. 

Improvements in dUfillimj uppamtan were made by J. IL Dingier (18115), 
and BeindortT (1SIH}* who^o apparatus fur boiling, evaporating, distilling and 
drying was recommended by Liebig, 
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T}lc distillation of spirit* wiis improved by Phtonus (1817). whose 
apparatus “ R,J,J fled preheating, mtifier, tiephlegmatorn and condensers It 

was supersede*] by the column still with numerous ratification chambers, 
whitii was first introduced by (dlier HImnenlhal (18)7) ami improved by 
( ‘offoy ( 1832) «nd SavaUe ( IHoii}. These apparatuses form the bads of mnderit 
methods of distilling* 1 

An event of great cultural importance teas the intrcduUim of match*#. 
The first of these were Uhimcd's dipping matches (1803) p consisting of ptitiis- 
&imn chlorate and an cagamc substance (later au gar) which were dippH in 
sulphuric acid. I he L Promethean^ of Trevany and Jones (1820) hurl heads 
o| potassium chlorate one! antimony sulphide, which were struck on glass- 
paper. they are the direct forerunners of modern safety matches. Next, 
however, came matches with bends of ybllow phosphorus and an oxidising 
agem, at first potak^ium chlorate. The discoverer of these cannot he specified, 
and it b hardly possible to speak of an actual discovery. After the discovery 
(or rather the first accurate cfc?cri]rfion) of rad phosphorus hv SchrtStter in 
Irt-h. Bo tiger in 1848 raint reduced phosphorusdrte matches : e.g. he used the 
" Prometheanfl ’ with a striking surface of red phosphorus. These matches* 
w ere first made on a commercial scale by Bernard Forth in Bchfittenhofcn, 

A very important discovery was the vulcanisation of rubber, started by 
Hayward and completed by Oh. Goodyear (1840) and T. Hancock (1843)* 
Ebonite was discovered by 4 loudyenr in 181*2.. Artificial rubber from isuprcxie 
was first made by Buuclmrdat in 1875 and J&Tft. (Jutta-percha was introduced 
into Europe by Jose d Almeida in 1 843* and made more widely known by 
Montgomerie in 1848. 

Sintered Pvrtfontf reim- -ut was discovered in 1824 by the Englishman John 
As ] if fin. Artificial mixtures of limestone and clay were tot used as a starting 
material for making, cement- by Johnson in 1844. 

The industrial manufacture of artificial lapis lazuli {ullramarirt*} began 
soon after its discovery by Leverkus in Weniidoknchen in 1831 anti by Leykauf 
in Xurnberg in 1838. 

One of the greatest successes of chemistry, and one of universal importance, 
wjts the discovery of photography. Joseph Xm+phure Niepce (I7tfii-1833! 
wiL^ i he first to obtain images in a camera ; these were on bitumen and could 
be fixed with oil and converted to heliogravures. Louis Jacques Daguerre 
(178ft- 1851 ) was the lirsi tu employ a procedure based on the fight sensitivity 
o| the silver salts (completed 183ft), Daguerre exposed an iodised silver [date 
in t h e ii\ 1 1 te rii . t j iseo v ered t he method i >f i levclopi ng wi t h mereu r v va pt mr, 
at| d fixed with a hot solution of sodium chloride. S&on a ft 'T wards John 
Herschel f 183ft) disco vered sodium thiosulphate, the best fixing agent F and in 
1840 Ffoemi discovered the gold toning of pictures. 

A I mt is t si n i id i a i m mAy wi t h I )ag uerre, Fc «\ Ta Ibut (1 8tM i- 1 87 7 ) a m 1 
StemheiJ in Munich discovered the use of silver thin ride and bromide for 


1 A: -/mg nfl m hiuj^.^Sii.hi of l_uiMi"-j--r ^ I JTstf). Kthtitju-nhru-li (|S^rq dt^^red Phi- ritji ii\ 
mi-Etind ii|' Mrikina Vi ninyar. 
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photography and printing. At first they uml sodium chloride for fixing, 
Sood afterward* came the uw of silver iodide and fixing with gallic arid* 
sodium bromide and sodium thiosulphate successively. In this way the 
foundations of photography and photographic printing were laid. 


Con c i - u m so R km ar k s 

The most important basis of modern chemistry lies In the attempt to 
find relations between different dements. leading to the periodic system. 

The English physician Front maintained in 1815-1816 that the atomic 
weights of all the elements slum Id be integral multiple* of the atomic weight 
of hydrogen : thus if the latter were taken os unity sill atomic weights should 
he whole numbers. Any heavy atom could then ho considered m composed 
of a definite number *>f hydrogen atoms. In Prout’s time there was little 
exact knowledge of atomic weights, but the interest which his hypothesis 
aroused was the occasion of a number of atomic weight determination* which 
finally showed bis hypothesis to be false. There were many deviations, and 
attempts to use one half or one quarter qf the hydrogen atom as a fundamental 
unit were also unsuccessful, 1 

In 1820 iJOheremor pointed out that when three elements are very similar 
the atomic weight of one is equal to tho arithmetic mean of the atomic weights 
of the other t wo* D&bewmer termed three Such elements a triad (e.g. bromine 
beiw ecu chlorine and iodine, sodium between lithium and potassium* selenium 
helweeu sulphur and tellurium ),* 

Dumas (1801) attempted to extend this idea. He believed that the 
elements were actually formed from one another, like the organic compounds 
in ii n homologous series, 

Begnyer de Cha&cotirtoia in 18132 arranged the elements in a helix on 
[he surface of a cylinder, drawn so that it cuts the horizontal at an angle 
of forty -five degree*. The numerical value* of the atomic weights were 
written on this helix, when related elements were found on the same vertical 
line. 

In 1864 Xewlands discovered the law of octaves. He arranged the de 
merit* in order of increasing atomic weight and numbered them, He then 
found that (with a few exceptions) two elements differing in number by eight 
hod similar properties. Xewland* predicted correctly that the classification 
of dements according to their atomic weight represented u lasting gain for 
chemical science, After Xewla nils' preliminary work it was no longer so 
difficult for Lolbar Meyer mid Mendelejeff to construct the periodic table, 
since the chief law governing the sequence of the elements hod lieen iliscocered, 

1 Ttw first pnwnt intent *f tin- periodicity nf tliu elements ™ feJt bv Joh. liwnh. !Fli>niiafin 
in 17fcUl, wlm I'cmpaied t hr wrift* of the cTome'iitfl lo pctnctH m iztimio, 

1 .1. H. G liuktoc^ witM I hn M™r :» umumt* itfcr *Je merits in cider itii-iHuint ritcunfr wefoht 
\\ (telling in t#S7 urmn^-d in Vortical column*. sc ihiu relfttml dmmn t« f^ra ppiH^i^oh. 

fisiLipl In ■ p in a Jiciriwln] U i n.'i 'T ir>n . 
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Sti ! J ' lort flhowed thnt ft™*** theory is comet if applied to dn-le 

, H °7 v f- f* ™ rk '*Ml* to the twentieth <*nturv, and will not 
H I Kilted ]n this book, which only aim* to lead up to the threshold of modem 
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